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SUMMARY 
Dimethyl sulphoxide in presence of ac t iva to r s such as 
DCC, ace t i c anhydride and thionyl chloride has been extensively 
employed as an oxidising agent . If not the best the DMSO/acetic 
anhydride pa i r i s s t i l l the most convenient combination and i t s 
react ions with a lcohols , phenols and yS-diketones have been much 
studied. An example of the v e r s a t i l i t y of the reagent i s the 
rearrangement of 2,5-dihydroxy-3,6-diphenyl-p-benzoquinone to 
pulvic acid lactone (1 ) . 
O 
/ / 
•Ph 
(1) 
I t appeared of i n t e r e s t against t h i s backgro\md to study 
the react ion of t h i s reagent with U-hydroxycoumarin, 3 - a l l y l and 
3-phenyl l+-hydroxycoumarins,dicoumarol,substituted dicoumarols 
and phenols. 
Ear l i e r work in th i s labora tory had shown t h a t , depending 
on the react ion condit ions, U-hydroxycoumarin reacts with DMSO/AcpO 
to give e i t he r the yl ide 5-dimethyl sulphuranylidenechroman-2,U-
dione (2) or' the dihydrofurocoumarin, 2.5-dihydro-2-
(hydroxy!)enzoyl)-UH-furo [ 3 , 2 - c J [ l j benzopyran-i^-one (3) . 
S(Me), 
( 2 ) 
Search fo r o the r p roduc t s r e s u l t i n g from t h i s r e a c t i o n 
l ed to the i s o l a t i o n of two more compounds one of which was 
unambiguously identified as 2-(2-h^droxybenzoyl)-UE-fu.ro \3.g~C 1 
[ 1 j benzopyran-U-one {h) * I d e n t i f i c a t i o n of the o the r a s 
2 ,3~dihydro-2(2-hydroxyhenzoyl)-2-(hydroxymethyl)-UH-furo [ 3 , 2 - c l 
[ 1 J benzopyran-i|--one (5) was made d i f f i c u l t hy doubts about the 
p u r i t y of t he compoundjand c e r t a i n f e a t u r e s of i t s chemis t ry and 
s p e c t r a J T h e s e - a r e d i scussed in the t h e s i s . 
CHgOH 
ih) (5) 
In c o n t i n u a t i o n of t h i s work the behaviour of 
3 - s u b s t i t u t e d l4--hydrox,ycouinarins and some dicoumarol d e r i v a t i v e s 
towards f r e s h l y prepared DKSO/ACpO so lu t ions^and s o l u t i o n s of 
t h i s r eagen t which had been hea ted fo r sometime,was i n v e s t i g a t e d . 
3--Phenyl and 3-allyl-i4--hydroxycoumarins af forded the s u l p h i d e s 
(6) and (7) r e s p e c t i v e l y wi th f r e s h l y prepared r e a g e n t . Thei r 
i d e n t i f i c a t i o n ^ w h i c h i s in complete conf i rmi ty with s p e c t r a l da ta , 
was f u r t h e r confirmed through convers ion to the corresponding 
chromanones. 
.OH ^S-CH, 
(6) R=Ph 
(7) R=a l ly l 
The r e a c t i o n of a ldehydes with U-hydroxycoumarin i s 
gene ra l and d e s i r e d a p p r o p r i a t e l y s u b s t i t u t e d dicouraarols can be 
r e a d i l y ob ta ined through r e a c t i o n of t h e aldehyde and U-hydroxy-
coumarin in b o i l i n g water or a l c o h o l . Compounds (B) and (9) were 
prepared in t h i s way and t h e i r r e a c t i o n was a l so s t u d i e d . 
OH Eh 
(8) ""^-^ (9) 
Products analogous to (3) resulted from the reaction 
of (8) with fresh pMSO/ACgO solution and the major product is 
the expected (10). The other two are tentatively assigned structure 
(11) and (12). 
GHgOH 
(12) 
The r e a c t i o n of more complex dicoumarol (9) wi th 
f r e s h l y prepared reagent i s too d e s t r u c t i v e and pure compounds 
could not be i s o l a t e d . With p r e - h e a t e d DMSO/ACgO f i s s i o n and 
recotabinat lon g ives dicoumarol and two o t h e r p r o d u c t s fo r vfhicln 
s t r u c t u r e s (13) and (11+) a r e sugges ted . 
0 \ ^ P 
H2SCH3 
(13) 
SGH, 
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INTRODUCTION 
i4.~Hydroxycoumarin and i t s d e r i v a t i v e s have cons ide rab l e 
s i g n i f i c a n c e a s pharmaco log ica l ly a c t i v e compounds. The a n t i -
coagulant p r o p e r t i e s of d icoumarol , acenocoumarol and wa r f a r i n 
a re we l l known . The fungal meta l io l i te c i t r o m y c e t i n i s a l s o 
2 
"bas ica l ly a modified U-hydroxycoumarin . S u b s t i t u t e d 3-phenyl -
U-hydroxycoumarins have been employed in cancer t h e r a p y . 
3-Nitro-l4.-hydroxycoumarin and pyr imid ines from i+.-hydroxycoumarin 
possess a n t i a l l e r g i c and an t i tumor p r o p e r t i e s r e s p e c t i v e l y . The 
r e a c t i o n s of U.-hydroxycoumarin, t h e r e f o r e , have been s tud i ed i n 
g r e a t e r d e t a i l than t hose of any o t h e r compoiind of s i m i l a r 
sic 
complexity. The present work was prompted by these considerat ions 
and acquired i t s d i rec t ion from the observation tha t U~hydroxy-
coumarin, depending on the conditions of reac t ion , gave several 
products on treatment with dimethyl sulphoxide (DMSO) and ace t i c 
anhydride (ACpO). 
The reagent DMSO/ACgO was introduced by Albright^ in 
1965 as a mild oxidising agent for a lcohols . I t also r eac t s with 
phenols and /9-diketones but spec ia l ly noteworthy in the present 
context i s the reac t ion reported by Wikholm and Moore who foxind 
that i t effects a novel biogenetic type synthesis of pulvic acid 
lactone (2) from 2,5-<iihydroxy-3»6-diphenyl-p-ben2oq.uinone ( l ) . 
A comprehensive survey of the react ions of U-hydroxycoumarin 
has recent ly appeared, M.Darbarwar and V.Sundaramurthy, Synthesis , 
(5 ) , 337-388 (1982). 
Ph 
HO 
OH 
Ph 
DMSO/ACgO 
(1) 
With i+-hydroxycouinarin the expected products are the 
ylide (3) and methyl thiomethyl ether (k) "but while the ylide 
is formed in substantial amounts under certain conditions, 
formation of (I4.) can only he inferred from the nature of the 
other products of the reaction. 
S(Me), CH2SCH3 
(3) 
This thesis discusses the structure and chemistry of 
one of these (A-U) which was obtained in varying amounts. The 
major product of the reactions is (5) the structure of which 
7 ft has been discussed in an earlier thesis from this department;* 
The reaction of 3-suhstituted l+-hydroxycoumarins was 
studied simultaneously and the work extended to derivatives of 
dicoumarol. In all cases mechanistically interesting products 
were formed and their structure and chemistry is also discussed. 
4 
THEOREDICAi 
DMSO was first used as a reagent in chemical reactions 
by Kornblum who employed it for conversion of benzylic halides 
9 to aldehydes . Since then it has achieved the status of a 
versatile laboratory reagent and has been used to effect 
10 
oxidation of a variety of substrates under mild conditions, 
cleave epoxides , induce rearrangements and decompose 
12 
ozonoids . In presence of acetic anhydride or reagents such as 
1 ^  
DCC, Py-SO,, POCl,, NBS, SOClg etc -^  it has been used to bring 
about oxidation, thiomethylation and methylation^. The uses to 
which the sulphonium ylides have been put is a separate chapter 
in the chemistry of DMSO and related compounds. 
Essential to the understanding of DMSO reactions are 
the resonance structures (6) and (7); the former emphasises the 
ability of sulphur to accommodate two extra electrons by virtue 
of its having a vacant 'd* orbital, the latter the dipolar 
character of the compound. 
I 0 I 
CH^- S - CH^ -• > CH^- ^  - CH 
(6) (7) 
Methylation can therefore result in the formation of either (8) 
or (9) with the S-alkylated product predominating with 
increasing reaction time •^ . In case of reactive halides, however, 
the initially formed O-alkylated product decomposes hy an 
0 OMe 
II I 
3 +T 3 3 .^ 3 
CH, 
(8) (9) 
alternate mechanism to give the corresponding carbonyl compound 
CH, H CH, 
16 
. 0 . t/ ^ NaHCO, .. in . t/ ^^' Ph - CH„ + 0 * S" NaHC03_^p^^ - CH - 0 - S. 
^ Br 5 CH^ 
PhCHO + CH^ - S - CH, 3 3 
The oxidation of alcohols with DMSO in presence of 
activators such as DCC, acetic anhydride, represents an extension 
of this type of reaction, the first introduced hy Pfitzner and 
Moffatt''', the second by Albright and Goldman'^  . As far as the 
DMSO/ACpO reaction is concerned it is most generally applied to 
6 
alcohols which are hindered and so are- not acylated before 
estahlishment of the oxygei^ulphur bond crucial to the oxidation 
reaction (Scheme I). 
I ^ 
GH, ~ S - 0 \ A C - 0 - A C ~ - ^ C H - - S - OAc 
3 + \jt ^ 3 + 
OAc 
R 
N c H O H CH3 ^ R ^ ^ ^ ^ - CHg V H R^ 
?2 • CH, - S - 0 - CH^ • CH, - S^ 7 0 - C \ 
^ R2 -ACOH * R, 
^^0=0 + CH, - S - CH, y 3 3 
Scheme — I 
Acetyiation is not, however, the only complication as 
many alcohols react preferentially to give methyl thiomethyl 
ethers through Pummerer rearrangement " (Scheme II). Reaction 
conditions and temperature are important in determining the 
respective yields of the carhonyl compound and methyl thiomethyl 
7 
ether and a detailed study of these effects has heen made by 
.20 
Swern and co~worker 
2 
4. Ij 
/ ^ ~ 
CH-, - S - 0 - CH. • CH, - S = CHo + 0 - CH^ 
/•^^ 
-• CH^ ~ S - CHg - 0 - CH 
(MTM ether) 
Scheme ~ II 
Though initially a nuisance MTM ethers have acquired 
importance as protective groups for alcohols during reactions 
in which dehydration is feared and conditions have been worked 
21 
out for their preparation . The sulphonium derivatives of 
phenols also rearrange but instead of giving MTM ethers supply 
22 
ortho or para thiomethylated phenols. (scheme III). 
0—Sv^ 
lO 
a^2 
^ % c 
+CH2=S-CH3 
i^CH2SCH3 
CHgSCH^ 
Scheme ** III 
8 
The g-dicarhonyl compounds are, however, different 
in that they react with this reagent to give stable sulphur 
ylides (Scheme - IV). 
O-s(Me), 
( OAc 
(Me), 
0 + 
,S(Me), 
Ylide 
Scheme - IV 
9 
Where ylide formation is not possible, other products 
should be expected but literature records only one instance of 
this kind; the conversion of 2,5-dihydroxy-3,6-diphenyl-p--'benzo-
c 
q_uinone to pulvic acid lactone (Scheme-V) . 
4.0-H^OAc P^v^><:;.0 
^S(Me)g Tl ^ 
(2) 
S(Me)2 
+ 
Ac 
0 S-( 
A' Scheme 
When the hydroxyl at position 5 is missing the ketene 
adds acetic acid and the resulting intermediate undergoes acetate 
ion catalysed decarhoxylative cyclisation to give a five membered 
lactone. (Scheme - VI) 
10 
CHPh 
Scheme - VI 
The significance of the reaction of DMSO with ACpO 
stretches "beyond the conventional laboratory uses discussed above 
and in one study it has been used as a model for enzjrmatic 
demethylation of methionine to homocysteine ^ (Scheme - VII). 
HOOC - CH - CHg - CHg - S - CH, -••HOOC - CH - CHg - CHg - SH 
NH^  
(Methionine) (Homocysteine) 
11 
CH, - S - CH, + AC - 0 - Ac 
^ II ^ 
0 
Pummerer rearrangement 
f o A c l o A c 
CS.-, "- S — CHrt — H 3 I 2 
0 
CH^COOH + CH, - S = CHo 
J D i d 
\ /«3 
0 
II 
CH, - S - CHo - 0 - C - CH, 
Hydrolysis 
•*' CH^SH + CHgO 
+ CH,COOH 
Scheme - VII 
12 
U-H.vdroxycotunarln 
While hydroxylation of the aromatic ring of coumarin 
does not substantially alter its properties and the derived 
methyl ethers and acetates resemble aromatic ethers and acetates, 
introduction of a hydroxyl at position i|. "brings about a radical 
change in the properties. i+-Hydroxycoumarin is a strong acid, 
the pKa value being close to that of acetic acid and it is more 
stable towards bases than coumarin or other similar lactones. 
This is understandable since the anion (10) is resonance 
stabilised and I|.-hydroxycoufflarin can be regarded as a vinylogous 
acid. 
OC^'-^ 
(10) 
Acetylation with pyridine/ACgO either fails completely 
or gives the acetate in very poor yields, perhaps owing to 
hydrolysis during work up. Formation of the pyridine adduct (11) 
25 has also been reported. -^  The acetate and methyl ether resemble 
13 
anhydride and ester respectively in their reactivity and are 
formed accordingly "by the appropriate method for each, refluxing 
with acetic anhydride or treatment with methanolic HGl. At the 
same time i4.-hydroxycoumarin has properties similar to those of 
phenol and ^-keto lactone and can exist in the tautomeric 
forms (12) and (13). 
OH O 
(12) (13) 
Methylation in acetone over potassium carhonate gives the 
l4.-methoxy compound but treatment of the sodium salt with 
dimethyl sulphate in acetone and ether results in formation of 
26 the more stahle c<-isomer (1U)» Methylation with diazomethane 
14 
gives a mixture of (li+) and (15) with the l a t t e r predominating. ' 
OMe ^^\^0N^0 
wy 
° OMe 
(1U) (15) 
The y3-keto lactone structure comes in to play in the 
reaction with POCl^ or SOClg which supplies the U-chloro and 
pD pQ 
3,3--dichlorocoumarin, * ^ i4-~Hydroxycoumarin "behaves l i k e a """^ -^  
typica l ac t ive hydrogen compound in i t s reac t ion with Mannich 
bases giving, for example, the 3-*henzyl der iva t ive with 
2-(die thyl aminomethyl) phenol. The react ion with aromatic 
31 
amines and paraformaldehyde has also been reported. The formation 
xo 
of dicoumarol with formaldehyde is a very old reaction, which 
has been extended to other aldehydes e.g. glyceraldehyde^-^ and 
aldoses. That dicoumarol is also obtained on treatment of 
o 5^ 
U~hydroxycoumarin with dimethyl sulphate at 180 is surprising-'^ -^  
as the reaction has no analogy, 
3-Alkyl l|.-hydroxycoumarin can be prepared through 
treatment of the silver salt of U-hydroxycoumarin with methyl 
iodide but is accompanied by 0-methylated product. The 3~acetyl 
15 
d e r i v a t i v e , l i k e the a c e t a t e , i s b e s t p repared through F r i e s 
37 
rearrangement of i4.-acetoxyco-umarin a t h ighe r t e m p e r a t u r e . 
Treatment of ii-hydroxycoumarin wi th or thoformic e s t e r r e p o r t e d l y 
g ive s 3 -3 ' - 3 " -me thy l ene t r is -U-hydroxycoumarin hut t h e c la im 
T O 
has been d i s p u t e d . 3-Nitro-i4.-hydroxycoumarin can he p repared 
through t r ea tmen t of l<.-hydroxycoumarin wi th fuming n i t r i c ac id 
and, as mentioned e a r l i e r , exhibi ts^ " > a n t i a l l e r g i c p r o p e r t i e s . 
The most s u r p r i s i n g r e a c t i o n i s , however, a p a t e n t c la im of 
format ion of t h e very l a h i l e 3-chloromethyl i | -hydroxycoumarin. 
16 
DISCUSSION 
The reaction of U-hydroxycovimarin with DMSO/ACpO 
at 160° supplied a product m.p. 212 C to which structure (5) 
•was assigned on the 1)3518 of its spectroscopic properties and 
chemical characteristics. This product was accompanied by 
another, labelled A-kt of much higher polarity, formed in 
amounts which could not be controlled by maintaining any given 
reaction conditions. Its purification was rendered difficult by 
the fact that traces of impurities Interfere in its crystalli-
sation and it tends to remain gummy. Once some solid material Is 
obtained recrystallisation is not so problematic but several 
crystallisations were still needed to get reproducible analytical 
values. Subsequent work showed that dicoumarol served as an 
intermediate in the formation of (5) and probably also of A-i4-
17 
"but whereas reaction of dicoumarol with DMSO/ACpO under much 
milder conditions supplied (5) in good yield, A-'k was formed, 
if at all, only in traces. A-k is \mique also in that its 
melting point is not sharp no matter how often it is crystallised, 
and this along with the factors already mentioned^created doubts 
ahout its purity. 
The ultraviolet spectrum (Pig, I) of A-U (^max 260, 
288, 310) is superimposahle on that of (.5). The infrared 
spectrum (Pig. II), however, differs in some important respects. 
It shows -OH absorption at 3i!+00 cm alongwith a prominent hand 
_i 
at 1020 cm suggestive of '/C-0 stretching of -CHOH or -CHgOH 
group, and carbonyl absorption at 1720, I65O cm . The infrared 
spectrum of (5) has no indication of -OH orrCHOH absorption and 
the carbonyl bands appear at 1710, 167O, and I65O em , 
It is obvious from the above that A-ii- contains a 
coumarin moiety but one can not be certain if the I(--hydroxyl is 
free or not. It gives a violet colour with ferric chloride and 
presence of a chelated carbonyl is in accord with the infrared 
—1 band at 165O cm 
The nmr spectrum of (A-I|.) (Pig. Ill) shows two clear 
AB doublets in the region where signals of protons under oxygen 
18 
FIGURE-I 
19 
M 
I 
M 
|3^  
20 
M 
H 
M 
r 
21 
normally occur. The large coupling constants of the two doublets 
suggest that the concerned protons in both cases are geminal i.e. 
the compo^md has two isolated methylene groups. Of these the one 
responsible for the doublets at 5.80 f is probably allylic 
though the value is lower than usually observed for such protons. 
The assignment is, however, justified by the transformation of 
13 (A-U-) to (5) discussed later and C spectral data. The other 
methylene group must carry an oxygen and coupled with the infrared 
evidence of the presence of an OH group a hydroxymethyl group is 
indicated. Since their ultraviolet spectra are superimposable 
the chromophores of (5) and (A-k) must be identical or very 
similar and the two plausible structures on this basis are (16) 
and (17)• The immediate justification for placing the 
CHgOR• 
(16) R,R':* 
(l6a) R=Me,R'= H 
(l6b) R,R'= Ac 
CHgOR' 
(17) R,R'= H 
All values are reported in Tunits. 
22 
hydroxymethyl group next to the carhonyl was the absence of the 
signal at 3•^k of the methine proton of (5) - as also of the 
further coupling of the methylene protons- and substantial 
peaks due to loss of 30 and 31 niass xinits from M"*"* in the mass 
spectrum. Conclusive evidence for this structural feature was 
obtained by heating (A-U) to 200 C in naphthalene which afforded 
(5) through a thermal retro aldol type of cleavage. It is this 
decomposition which is responsible for the absence of sharp 
melting point noted earlier. 
^ (5) 
As in the case of (5) one would still have to make a 
choice between the furocoumarin structure (16) and the 
coumaranone structure (17)« The fact that loss of formaldehyde 
results in formation of (5) for which the given structure was 
conclusively established favours (16) but isomerisation at high 
temperature can not be completely ruled out. The ferric chloride 
reaction, however, in this case is clear and more convincing as 
23 
isomerisation with alkali leads to a product which does not 
give this test. 
The chemical shift of the CHpOH methylene does not 
agree with the value observed in simple aliphatic alcohols and 
deshielding by y3 -oxygen and carhonyl alone does not seem to 
account for the magnitude of the shift' for in the nmr spectrum 
of the acetate (Pig. IV) the doublets of the concerned protons 
appear at 5•39 and 6.63 whereas normally conversion of CHpOH to 
CH^OAc produces a shift of about 1 T • It is likely therefore 
that the alcohol ; is also hydrogen bonded and the consequent 
rigidity of the molecule makes the methylene protons susceptible 
to anisotropic influence of the two rings. 
The C nmr spectrum of (l6) is given below in 
comparison with that of o-hydroxyacetophenone (18) and 
furocoumarin (19). Of special structural significance is the 
value of the carbonyl carbon of the o-hydroxy benzoyl group 
v/hich is close to that of this carbon in (l8). The assignments 
are facilitated by reference to those given by Cussains and 
5S Huckerbury for simple l+~hydroxycoumarin derivatives and to 
those given in a standard atlas for phenolic ketones. 
24 
M 
I 
13 
M 
25 
16 
^7 
M 
<:^^^^18 
uf^ 
5r^^^-:^°>>0 
OH 0 
CH2OH 
(16) 
Table ''^ C N.M.R. spectra(SScale; In CDCl^ at 25.2 MHz) a 
S t r u c t u r e 
Carbon No, 
1 . 
2 . 
3 . 
(16) 
163.6 8 
101.8 s 
165.1 s 
122.5 d 
(18) (19) 
160 
101 
166 
122 
»5 
.6 
.1 
.5 
s 
s 
s 
d 
Table cont. 
26 
s t r u c t u r e 
Carton No. 
5 . 
6 . 
7 . 
8 . 
9 . 
10 . 
1 1 . 
1 2 . 
1 3 . 
111. 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
e-Me 
CHgOH 
(16) 
12U.1 
132.6 
116.7 
15i+.6 
111.8 
33 .6 
99.3 
201.5 
1-16.8 
160.0 
- 1 1 8 . 9 
130.8 
- 1 1 8 . 9 
137.1 
66.9 
d 
d 
d 
s 
s 
t 
3 
S 
8 
S 
d 
d 
d 
d 
t 
(18) 
2014.. 1 
118.5 
161.5 
118.9 
129.7 
118 .3 
135.5 
25.14-
(19) 
123.7 d 
132.0 d 
116.6 d 
I5I+.7 s 
112.5 s 
33.9 t 
8I4-.O d 
a Multiplicities obtained from SPORD are indicated by letters 
following the chemical shift. Values in the middle column were 
determined in the present work hut compare very closely with 
earlier reports. 
b Very strong peaks believed to indicate coincident resonances. 
27 
Methylatlon 
Methylation with iodomethane in acetone/potassium 
cartonate takes 72 hours and leads to a mixture from which only 
one crystalline product could be isolated. The nmr spectrum 
(Pig. V) shows it to he normal. 
The methyl ether (l6a) has the requisite mass spectrum 
in which the peak at m/z 135 has about the same intensity as 
the one at m/z 322 (100%) resulting through loss of formaldehyde. 
Two possible pathways (Scheme VIII) can be visualised 
for the transformation of U-hydroxycoumarin to the basic nucleus 
of (5). Of these the first involving initial oxidative conversion 
of U.-hydroxycoumarin to the dimer (20) appeared more likely at 
first because it fitted in with the reported dimerisation of 
U-hydroxycoumarin by DDQ and the results of the reaction of 
3~phenyl i4.-hydroxycoumarin with DMSO/ACpO. Decomposition of the 
sulphonium salt (21) of the dimer by way of the ylide gives 
rise to a ^ ~ketolactone which should decompose readily through 
hydrolysis and loss of CO . The resulting sulphide (22) is 
reminiscent of (2I4.), the intermediate in the conversion of 
isoflavones to rotenoids with sulphonium ylides. Nucleophilic 
attack at the carbon bearing the -SMe group is less likely in 
this case because of the absence of charge on the sulphur atom 
28 
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(^^^^^'^^'^^ DMSO/ACgO 
OH 
AcO-s(Me), 
HO 0 
0>v^0 0^^0> 
S(Me), 
(20) (21) 
CH^SMe 2 
(22) 
^ ( 5 ) 
(23) 
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CHg-SCMe)^ 
S(Me), 
(2U) 
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"but presence of MeSH in the reaction mixture has "been confirmed, 
Another olD;jection to intermediacy of (20) is that the 
cyclopropane (23), if formed^should decompose partially ty the 
alternate route to give the chromanone (25)• 
(23) (25) 
Inspite of these ob;jections it was only after isolation 
of dicoumarol as the product of the reaction under milder 
conditions and its conyersion to (5)» that intervention of (20) 
was finally ruled out. 
The initial reason for employing forcing conditions 
for this reaction was that at room temperature U-hydroxycoumarin 
was converted simply to its acetate. In order to avoid acetate 
formation the DMSO/ACOO solution was heated briefly on a water 
bath or stored for sometime so as to have preformed acetoxy 
sulphonium salt which should react with i4.-hydroxycoumarin to 
give (26). 
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CH, -
0 
II 
s 
OAc 
GH, + Ac - Q ' kc •••H-.C - S+ OAc 4-3 I 
CH, 
0—S(Me), 
+ AcOH + OAc 
This would help to direct the reaction in the 
alternative channel. The expectation was fulfilled to the extent 
(Me) 2^3^ 
(20) 
that the acetate was not formed hut the product was not the 
expected dlmer hut dicoumarol. It is not possible to say if 
dicoumarol formation proceeds through intermediacy of 
3-hydroxymethyl or 3-thiomethoxymethylcoumarin (2?) hut isolation 
of the latter in a reaction discussed subsequently makes the 
mechanism shown more likely. 
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(Me)2S' 
(27) 
(28) 
+H2O, -COg 
(5) 
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It was not clear why dlcoumarol did not react further with 
the reagent to give the sulphonium salt (28) and products 
derived from it. The assumption that it is protected from 
further reaction by its lack of solubility in the reagent at 
water bath temperatures is not in complete accord with results 
discussed later in the context of substituted dicoumarol^ but 
insolubility might,of course, be a contributory factor. When 
dicoumarol was taken in excess DMSO/ACgO and kept on a water 
bath until solution occurred it reacted further to give (5). 
(16) was hardly formed vmder these conditions and only traces 
of it could be detected on tic. It is thus clear that formation 
of (5) involves oxidative coupling of the two coumarin moieties 
of dicoumarol followed by hydrolytic cleavage of the unstable 
yS-ketolactone system and elimination of CO^. In its reaction 
with DMSO/ACpO U-hydroxycoumarin, therefore, behaves like a 
phenol rather than a y3-diketone but unlike in phenols the 
3~thiomethyl derivative - (27) is not stable and loses methyl 
sulphide and the quinone methide type of intermediate adds 
coumarin to give dicoumarol. 
It is difficult to say how, and at what stage, a 
CHpOH group gets attached to the molecule, or how the reaction 
of DMSO/ACgO provides CH2=0 required for the reaction, the two 
possibilities (A) and (B) are outlined in Scheme IX. 
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(A) 
0 \ o H 0 
(16) 
(Me) ^3^ 
(B) 
(5) 
(16) 
OAc 
Scheme IX 
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Treatment of (5) with dilute alkali gave a product 
to which structure (29) was assigned as in contrast to (5) it 
is soluhle in hicarhonate, can be methylated with diazomethane 
and gives, like coumaranone, a positive Fehlings test. 
(29) 
Mechanistically this reaction is unusual because such 
information as is available on this point shows that in 
furoGOumarins base attack is at the carbonyl carbon and the 
sodium salt of the hydrolysis product does not recyclise, like 
other coumarilic acids, back to coumarin. This happens in the 
case of glapalol (30) and also with the furocoumarin (31) 
obtained from dicoumarol through oxidation with iodine, a 
reaction which came to the notice during the course of the 
present study. Though unlike (30), (5) can isomerise cleavage 
of the ether linkage instead of opening of the lactone ring is 
unusual. 
(30) 
OH 
AC2O 
COOH 
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COOH 
In the case of (I6) the concerned carbon atom is quarternary 
and approach of the phenoxide ion should he sterically 
unfavourahle. Even so hydrolysis here takes the same course 
and the product is the coumaranone (17). This is established 
hy the change in the infrared and nmr spectra specially the 
latter. In the infrared (Pig. VI) the hand of the chelated 
benzoyl carhonyl at 165O cm is missing and though there is 
no separate hand assignable to coumaranone carbonyl there is 
some indication of its presence in the broad absorption band 
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at 1685 cm"''. Lowering of the frequency of absorption of this 
carbonyl is to "be expected \)ecause of chelation either with 
the coumarin hydroxyl or hydroxjmethyl group. In the nmr 
spectrum (Fig, VII) the change is striking. With the opening 
of the furan ring the chemical shifts of the allylic methylene 
protons become identical and the AB doublets are replaced by 
a broad singlet at 7«2. It should be pointed out that the two 
methylene hydrogens are still in different environment because 
of the presence of asymmetry on the adjacent carbon but the 
difference is not large and the two AB doublets coalesce. 
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Reactions of 5~su"bstituted i4-~hydrox.ycoumarins with DMSO/ACQO 
At moderate temperatures 3-phenyl-i4.-hydroxycoumarin 
reacts with DMSO/ACgO to give only the acetate whereas at 180° 
extensive decomposition occurs. If^however,the temperature is 
maintained "between 120-150° two main products result which are 
related to each other as phenol and acetate. The crude product 
is therefore deacetylated through brief exposure to methanolic 
alkali and purified by column chromatography. The light oil 
thus obtained has a strong sulphide odour and gives a deep 
violet colour with ferric chloride. The infrared spectrum 
(Fig. VIII) show broad hydroxyl and carbonyl absorption - the 
position of the carbonyl band being the same as in o~hydroxy-
acetophenone. The nmr spectrum (Pig. IX) shows the chelated 
hydroxyl proton in the offset and multiplets for 1H and 2H at 
5.2 and 6.93 respectively. Since the compound had earlier been 
hydrolysed the singlet at 8.0 can only be assigned to an -S-GH^ 
group. The multiplet at lower field indicates that a -CHp-S-CH^ 
group has been incorporated in the compovind and the only 
structure compatible with the spectra is (32a). 
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^ r s , ^ ^ O H SMe OCX. 
(32) a; R=Ph 
b ; R=Allyl 
To o b t a i n f u r t h e r conf i rmat ion the su lph ide was 
methylatecL through prolonged exposure t o methyl iod ide and the 
methiodide (33) then re f luxed f o r some t ime in ace tone over 
potassium c a r b o n a t e . As expected i t c y c l i s e d r e a d i l y to 
f lavanone (35) though some r e v e r s i o n to the s t a r t i n g m a t e r i a l 
a l s o occu r r ed . 
(32a)or(32b) 
I 
S-(Me), 
K^CO^/j^cet-
R one 
(33) R=Ph 
(3U) R=Allyl 
(35) R=Ph 
(36) R=Allyl 
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The flavanone was also formed when the sulphide was 
refluxed in DMSO for some hours, the reaction probably 
proceeding through initial oxygen exchange between DMSO and 
the sulphide. 
This transformation is novel and it was hoped that 
the reaction would offer a practical method of direct synthesis 
of isoflavanones which are accessible only through reduction of 
corresponding isoflavones. This hope was however belied and 
experiments with substituted 3--phenyl U-hydroxycoumarin gave a 
multiplicity of products. For the conversion of 3-phenyl-i|.~hydroxy-
coumarin to isoflavanone the method is much superior to that 
employing diborane. 
The easily accessible 3-allyl-i4.-hydroxycoumarin, 
reacted similarly and gave sulphide (32b) which was converted 
to 3-allyl chromanone (36) in the same way. The reaction thus 
appears useful for synthesis of 3-alkyl chromanones though it 
has not yet been fully explored. 
During preparations of 3-allyl i4.-hydroxycoumarin 
through allylic rearrangement the formation of cyclic ether 
(19) (Page 25) reduced the yield of the required compound. It 
was found that if the rearrangement is effected in DMSO at 
150 + 5° as reported for ©c-pyrone by Ollis , only minimal 
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amounts of the cyclic ether (19) are formed. 
The initial step in the formation of (32) from 
3-phenyl--i4.-hydroxycoumarin is the same as in the case of 
DMSO/ACpO reaction of iinsuhstituted coumarins i.e. rearrangement 
of the sulphonium salt hut the resulting sulphide (37) can not 
isomerise like (27), through prototropic shift and the unstable 
^-keto lactone therefore suffers hydrolysis (or acetolysis) 
and loss of COg. 
CHgSCH^ 
(37) 
(32a) or (32b) 
Since in the presence of electron donating suhstituents 
in either benzene ring the reaction gives rise to tnixtxire® it is 
possible that thiomethylation of the ring also occurs rendering 
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the reaction imsuitable for synthesis of natural isoflavanones. 
The response of compounds carrying electron withdrawing groups 
is currently under investigation. 
Chromatography of the crude reaction mixture supplied 
traces of another product labelled PC-3. The molecular weight 
of this compound is shown by its mass spectrum to be 250 a.m.u. 
which is 12 more than the starting material. It does not give 
colour with ferric chloride and the infrared spectrum (Pig. x) 
is similar to that of the starting material, an indication that 
the lactone ring has remained intact. This was also borne out 
by the ultraviolet (Fig. XI) spectrum which is almost superim-
posable on that of 3-phenyl-i4.-hydroxycoumarin. The nmr spectrum 
(Pig. XII) shows a methylene singlet at 6.65 and in the aromatic 
region the sharp resonance of the protons of the \msubstituted 
benzene ring of 3-phenyl-i4-~hydroxycoumarin is missing. The only 
possible structure for this compound is therefore (38). 
(38) 
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Though a very tinexpected product in this reaction, 
its formation can he explained on the basis of the adduced 
mechanism (Scheme X). Since the reaction proceeds through a 
seven membered transition state (39) it is not surprising that 
the yield is poor. 
CB.-r—S-r.CB.n 
5 +tJ'> 2 
«fc OAc 
'O^^O 
CH^-S-CH^ 
-5 + '^ 
. (38) 
(39) 
Scheme X 
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The reaction of phenols with pre-heated DMSO/AC^O. 
The formation of dicoumarol by prolonged treatment 
of U-hydroxycoumarin with DMSO/ACgO solution which had heen 
stored for sometime or heated on a water bath for 2-3 hours, 
though a novel reaction of this reagent system, does not offer 
any advantage over the existing convenient synthesis from 
formaldehyde. The reaction might, however, be xisefxil with 
certain phenols which do not react with formaldehyde in aqueous 
solutions ujiless the medium is basic and then resinous products 
result unless the reaction is carefully managed. Phenols of course 
react with DMSO/ACpO to give thlomethylated products though the 
reaction is not of any great practical value. 
The modified reagent gave a number of products in the 
reaction with phenol which could not be separated. Resorcinol, 
phloroglucinol and e<-naphthol gave Insoluble polymers,ya-naphthol 
however supplied the dimer (kO) in good yield. In continuation 
the behaviour of o<:—pyrone was also checked and the formation 
of the dimer (1+1) from it suggests that the reaction is generally 
applicable to oc-pyrone derivatives. 
OH OH 
(ko) (M) 
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The DMSO/AC9O reaction of dlcoumarol derivatives having 
substitution at the methylene carbon. 
A study of reactions of dlcoumarol derivatives 
with DMSO/ACpO was carried out to see if the reaction took the 
same course or followed a different pathway and led to different 
products. It was also of interest to check if base Induced 
rearrangement was general in such cases or other base sensitive 
sites were attacked. Phenyl methylene-bls-l4--hydroxycoumarln (1+2) 
OH Ph OH 
(M.2) 
was the first to be taken up. It was readily obtained by the 
reaction of benzaldehyde with ij.-hydroxycoumarin, and its 
reaction with DMSO/ACpO was first attempted at room temperature. 
The reaction mixture was worked up after four days and supplied 
in almost quantitative yield a product the mass spectrum of which 
showed that it was just two hydrogen short of the starting 
material. Of the two possible structures (kd) and (hh) * ikk) is 
ruled out by the nmr spectrum (Pig. XIII) which shows a 
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(k3) (kh) 
deshielded proton at 5•27. The infrared spectrum (Pig. XIV) has 
the absorption of the saturated lactone carhonyl at a rather 
-1 
high frequency, 1790 cm , the two other carhonyl groups give 
_ ji 
rise to hands at expected values 1680 and 1720 cm . if the 
structure (24.3) is correct the compound should hydrolyse to give 
(U5)' The alkali hydrolysis occurred \mder extremely mild 
(U3) OH (kl) 
{h5) 
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oonditions and gave a product m.p. 2U6°C indentical with the 
one obtained on base hydrolysis of {k3) and its structure is 
therefore discussed later. Here it is worth emphasising that 
such /3-ketolactones are extremely tmstahle under hydrolytic 
and acetolytic conditions and the survival of (ii3) under the 
reaction conditions is therefore unusToal. 
Treatment of (14-2) with DMSO/Ac-O at ^160° i.e. the 
temperature at which dicouraarol reacts with this reagent, proved 
too destructive. At water bath temperature a crystalline solid 
was gradually deposited but at the end of the reaction the 
mother liquor still contained three products. The crystalline 
solid was insoluble in all organic solvents and its high 
melting point and presence of sulphur suggests a complex 
structure. It is under study. Chromatographic separation of 
the three products contained in the mother liquor supplied a 
crystalline compound labelled B-1 and two gummy but tic pure 
products labelled B-2 and B-3. 
B-1 melts in a range between 199-212°c which is close 
to the melting point of (5) and the spectral data and chemical 
behaviour of the two is also analogous. B-1 shows a weak M"*"*at 
38i}. and loss of HgO occurs here also though both M"*"* and M"^  — 
HgO peaks are much weaker than the corresponding peaks in the 
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mass spectrum of (5). The most prominent peak at higher mass 
numters are at 263 and 121 which together account for the 
molecular ion and can, therefore, "be assumed to arise through 
a single cleavage. The fragmentation pattern thus points to 
structure (US) and the infrared and nmr spectra (Pig. XV / and 
XVI respectively) agree with this formulation. The low field 
doutlet at 3*6 in the nmr spectrum is assigned to the proton 
under the ether oxygen which is further deshielded by the 
adj'acent carbonyl and the one at higher field, 5.1 ] to the 
proton on the carbon which is "both allylic and "benzylic. Since 
the trans isomer is more stable and the experimental conditions 
are conducive to isomerisation, B~1 is most probably the trans 
isomer shown in (i+5)« B-1 , unlike (5)» gives a distinct 
colouration with ferric chloride but unlike (5) it also reduces 
Pehling's solution. Reducing action toward Pehling's solution 
(U5), R=H 
(l+5a) R=Ac 
(i|-5b) Rz^ Me 
Ph 
'9 (M)J"121 a.ra.u. 
m/z 263 
59 
I 
H 
f3H 
60 
M 
P4 
61 
is associated with the presence of either «<-ketole or 
coumaranone systems which would suggest that (U5) rearranges to 
[iff) under the alkaline reaction conditions. This apparently-
satisfactory explanation is flawed by the fact that the product 
of prior isomerisation of {k5) with methanolic alkali i.e. (Iff]) 
is not oxidised by Pehling's solution. Such ambiguities made 
it necessary to obtain further support for the structure of B-1 
through transformation to relevant derivatives. 
Acetylation: 
While it is readily converted to an acetate (kda) 
the product is not of much help in clarifying the structure of 
(I4.5). The nmr spectrum of the acetate (Fig. XVII) shows two 
singlets of acetate methyl whereas only a mono acetate should 
be formed. There is no change, however, in the position of the 
two doublets which precludes rearrangement or partial 
isomerisation to a cis product. Whatever the explanation of the 
two singlets the acetate is not a suitable derivative for 
confirming the structure of (iLi.5). The nmr spectrum also shows 
that, it is not completely pure. 
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Methylation of (k5): 
(U5) is methylated "by iodomethane in acetone in 
about two hours to give (kd^)* This is in contrast to the usual 
behaviour of chelated phenols but one has to make allowances 
for the hindered nature of the phenol {k5)• The most interesting 
spectral feature of the ether is the abnormally high field 
position of the methyl singlet in the nmr (Fig. XVIII), This 
can be attributed to steric crowding which puts the methoxy 
methyl in the shielding ssone of the adjacent benzene ring. The 
infrared spectrum (Pig. XIX) shows ester and aroyl carbonyl 
absorption at the same values as in (k5) and chelation of the 
benzoyl carbonyl with the hydroxyl is apparently not strong 
enough to have any effect on the position of the carbonyl band. 
The mass spectrum shows the expected fragmentation with a 
strong M"^ *-?? peak and cleavage <<;-to the carbonyl now giving 
rise to a peak at m/z 135. 
Dehydrogenation; 
To make sure that the protons responsible for the 
two doublets in the nmr spectrum of (U5) have been correctly 
identified, it was dehydrogenated over Pd/C in boiling 
naphthalene. The nmr spectrum (Pig. XX) of the bright yellow 
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product is devoid of the two doublets and has only the spread 
out multiplet of the aromatic protons. The yellow colour and 
the nmr spectrum attest to the chalcone like structure (kS) 
of the compound. More compelling evidence for the structure of 
(U6) 
the dehydrogenation product, and hence of (1+5) was obtained, 
through oxidation of phenylmethylene-"bis-i|.-hydroxycoumarin 
(14-2) with Ip in alcohol - the original Chechi procedure for 
It's 
affecting oxidation of dicoumarolT-^ The reaction proceeds to 
near completion here probably due to the enhanced solubility 
of {U2) as compared to dicoumarol in ethanol and the product 
is identical with (kS) • 
Base hydrolysis of (k5): 
The isomerisation of (16) under mild basic conditions 
has already been referred to and the points of interest in the 
68 
attack of bases on similar furocoumarins have been commented 
upon. In the case of the compotmds resulting from oxidation of 
(I4.2) base hydrolysis was attempted on (I4.3) and {h5) and both 
gave the ^ame compound. 
This means that the initial product of hydrolysis 
of (U3) i.e. (i+5) is so sensitive to base that it rearranges 
as it is formed to (U-7). Sensitivity to base is also a feature 
of (5) and (16) and the direct conversion of (1+3) to (U7) is 
thus in keeping with the behaviour of furocoumarins of this type. 
ihl) R=H 
(U7a)R=Me 
The mass spectrum of (hi) does not show the molecular 
ion peak at 3&k» There is instead a peak of moderate intensity 
at 308 which can be derived from the molecular ion by loss of 
phenyl and addition of a hydrogen. The base peak is at the same 
value as in mass spectrum of {k5) i.e. at 263 - though here it 
must arise through fission of the U-hydroxycoumarin ring. Such 
cleavage of l4.-hydroxy and 3-substituted Lv-hydroxycoumarin is 
usual - but with alternate modes of fission available the 
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intensity of the 263 peak is surprising. What is most upsetting 
in the mass spectrum of {k5) is the complete/absence of any 
peak resulting from fission «x:-to the carbonyl. In the mass 
spectrum of (17)» though the peak at ^2^ is strong (99%),the 
coumaranone moiety is represented "by an equally strong peak 
at 133. 
?^rt 
H o < ^ ^ 
m/z 13U or 
-1H=133 
m/z 121 
The nmr spectrum of (if/) (Pig. XXl) is,however,in 
complete accord with the assigned structure. Its most striking 
feature is the upfield shift in the position of the 3.6 douhlet 
of the nmr spectrum of (U.5). The new value is also the same as 
of the methine proton of (17) and is close to the chemical shift 
to be expected from valuesfbr comparable compounds reported in 
literature. Thus, whereas, in (19)» without any further deshiel-
ding influence, the resonance of the methine proton appears at 
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14..7f in {k8) inspite of the adjacent carbonyl the methine 
(19) 
CHgCOOH 
ikB) 
50 
resonance occurs at 5«0, Also of interest in this context is 
the chemical shift of the G-2 hydrogen 5»53 in the dihydro-
henzofuran (t|.9). 
5.53 
ikS) 
But such comparisons are not conclusive and the 
chemical "behaviour, specially the contrast with (U5) has also 
to be taken in to account. (1+7) unlike (1+5) is not ferric 
positive. Though both compounds are readily methylated hy 
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diazomethane only {hi) is 80lTi"ble in bicarbonate as is to "be 
expected, of a compoimd having a free - it4--liydroxycouniarin moiety. 
The crucial test is methylation imder acidic conditions. As 
mentioned at the outset i».--hydroxycoumarin resembles acids and 
hence only the compound having free U-hydroxycoumarin moiety 
should respond to HCl/MeOH. Ylftien applied to (1+5) and (U7 ) only 
the latter gave the methyl ether (U7a) identical with the product 
obtained on direct methylation with diazomethane or iodomethane. 
This reaction coupled with the dehydrogenation of B~1 
with Pd/C to chalcone like compound, also obtained through 
reaction of (k2) with Ig/alcohol, provide a firm chemical basis 
for allotting structure (45) to B-1 and (kl) to its base 
hydrolysis product and the product obtained on the base 
hydrolysis of (1+3). 
(1,2) DMSO/ACgO ,.^. 
^^ ' a t room temperature^^'^'^ 
/i r\ ^ I ^ a l c o h o l 
pd/C ^^/^MS0/Ac20 (water b a t h temp.) 
(U5) 
(U5a) 
OH 
i s o m e r i s a t i o n 
A C 2 0 / P > v " ^ ^ 
(U5b) 
OH (Via 1+5) 
(U7) 
(i)MeOH/HCl 
(ii)CH2N2 
(i+7a) 
Scheme XI 
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B-2 and B-3» the other two products of this reaction, 
were obtained in small amoimts and could not be completely freed 
of impurities. Neither compound could he induced to crystallise 
B-2 was obtained as a gum on evaporation ot solvents tried for 
crystallisation and B-3 as glass. Both are ferric positive and 
on tic plate run close to (16), The structures assigned to the© 
are based on these points of similarity with (16) and are 
supported by spectral evidence. Most important is the nmr 
spectrum (Pig. XXIl) of B-2 which shows a singlet at k»S5 and 
AB doublets (J = 11.U Hz) centred at 5.95. The doublets of the 
methylene protons of the-CHgOH group of (l6) is at 5.8 with 
J„^„ = 12 Hz. gem 
The mass spectrum of B-2 does not show M"^ * at kik 
but there are peaks at m/z 396 and ta/z 38U representing losses 
of CH2#=0 and HgO from M"^ *. Most significant is the peak at 
w/z 263 arising through loss of CH2=0 and cleavage of the 
hydroxy benzoyl group. Structure (50) assigned to this compound 
is in agreement with the data presented above and the stereo-
CHgOH 
Ph OH 
CHgOH 
(50) (51) 
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chemistry is "based on comparison with B-3. B-3 as already stated 
is also ferric positive and hence can not be regarded as the 
isomer (51)• Its mass spectrum is identical to that of B~2 
except for slight differences in the intensity of the peaks and 
the presence of M"*"* at k^k which is missing in the mass spectrum 
(Fig. XXIII) 
of B-2. In the nmr spectrum,]^ if impurities at 5.95 and 6,5 are 
disregarded is similar but the methylene appears as a broad 
singlet at 5.86 instead of the quartet at this value in the 
spectrum of B~2 and the 1H singlet is shifted up field to 5»20. 
The infrared spectra of the two are similar (Pig. XXIV and XXV ). 
B-3 can therefore be tentatively formulated as (52). 
CHgOH 
(52) 
The argument in favour of allotting the stereochemistry 
shown to B-2 and B-3 is based on the fact that B-1, in which 
isomerisation is possible, must be trans and the chemical 
shift 5.2 of the methine proton is normal i.e. it is not 
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influenced "by the magnetic anisotropy of the two phenyl rings. 
Accordingly B-3 must have these benzene rings in trans orientation. 
Reaction of DMSO/Ac^0 with more complex 3^su"bstituted~Vhydroxy--
coumarins 
Because of the unusual results of the DMSO/AC-0 
oxidation of li-hydroxycoumarin and its simpler 3-substituted 
derivatives it was decided to explore the behaviour of the 
reagent towards some other related suhstrates. (53) and (5U-) 
appeared suitable initially "because hoth are readily obtained 
by treating l+~hydroxycoumarin with salicylaldehyde in yields 
depending on the comparative amounts of the two starting 
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materials. The study led to some interesting results which 
are discussed in this chapter. 
i5k) 
80 
Since (53) is not a l+-hyd]?oxycouniarin its reaction 
would seem to be pointless in the present context but addition 
of acetic acid should occur readily under the reaction conditions 
giving rise to the coumarin (55) which, if it reacted like 
dicoixmarol, should give rise ultimately to (56). It is possible 
that the expected reaction occurs to some extent but treatment 
of (53) with DMSO/ACpO at room temperature,or on water bath, 
resulted in formation of a number of products and tic analysis 
of the mixture did not justify any attempt at separation. If 
the reaction time was reduced,or the reaction conducted at still 
lower temperatures,work up afforded mostly unreacted material. 
An acetate was either not formed or was hydrolysed during work up, 
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(53) 
CH3GOOH 
^E^O 
-CO, 
OAc 
(56) 
Since different results had "been obtained earlier with pre-heated 
or stored DMSO/ACgO mixture in the case of li-hydroxycoumarin, 
(53) was allowed to react with it on a water bath. Work up 
after seven days gave a single product which though odourless 
gave off sulphide fumes during melting point determination and 
presence of sulphur in it was confirmed through the usual 
qualitative test. 
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The infrared spectrum of this compound (Pig. XXVI) 
has carhonyl and OH bands at 1720 and 3i4.00 cm consistent with 
the presence of a substituted i+.-hydroxycoumarin moiety. The nrar 
spectrum (Fig. XXVII) shows two singlets apart from the multiplets 
of the aromatic protons. The singlet at k»9Q integrates for one 
and the singlet at 8,28 for three protons. Since the infrared 
spectrum does not indicate presence of an acetate carhonyl and 
the compound contains sulphur the singlet at higher field must 
arise from an S-methyl group and if on this basis structure (57) 
is allotted to the compound the singlet at k»9Q is at the right 
value for the benzylic proton deshielded by sulphur. 
OH SMe OH 
(57) 
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The mass spectrum of (57) does not show M"^ * at the 
expected value 3'ik nor at 266 through loss of HS-Me group but 
at 2i|.9. The C,H values, however, leave no douht that the 
molecular formula of the compound is C.^H.,0. S as required by 
structure (57) • The peak at 2i|.9 arises through consecutive 
losses of MeSH and hydroxyl probably involving hydrogen 
transfers as indicated in scheme (XII)• The mass spectrum of 
the starting material (53) also shows^acile loss of water but the 
peak due to M"^ * is stronger than that of M"*"'-.H20, 
-MeSH 
^ H ^Me 
^+' 
-OH 
0\/,0 
m/z 214-9 
Scheme XII 
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5'orination of (57) from (53) involves Michael addi t ion 
of t h i o l (58) to the doutle "bond which, except for the 
replacement of OAc "by SMe is the f i r s t step in the v i sua l i sed 
react ion sequence. I t i s obvious tha t pre-heated DMSO/ACpO 
reagent can not ace ty la te and i s a lso a poor oxidising agent as 
otherwise e i t h e r ace ty la t ion or a phenol coupling type of 
react ion should have occurred giving r i s e to (59) . 
(5i;) 
CH,SH J) 
(58) 
OH SCH OH 
3 y 
(57) 
(57) 
(Me)2S—0 SCH SCH-
(59) 
87 
This is in accord with the stoppage of the reaction at the 
dicoumarol stage on treatment of J+-hydroxycoumarin with this 
reagent. The earlier assumption that dicoumarol is protected 
from further oxidation to (5) since it crystallises out became 
doubtful and that the real reason is the absence of oxidising 
properties in the pre-heated reagent wajs proved by allowing a 
suspension of dicoumarol to stand at room temperature with 
freshly prepared DMSO/ACgO for two days. Further oxidation 
occurred to give (5) along with traces of (31)• The nature of 
the pre-heated reagent is therefore radically different from 
the freshly prepared one and since it behaves as a source of 
CH SH and CH_=0 it is reasonable to assume decomposition of 
the initially formed acetoxy methyl methyl sulphide perhaps 
through the cyclic transition state shown. 
-^ CH,SH + CHgO + Ac-O-Ac 
Reference was made earlier to this type of 
decomposition in the context of the use of DMSO/ACpO as a model 
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2"^  for enzymatic demethylation of Methionine to homocysteine. 
That thiol addition to (53) occurs readily was shown 
hy exposure of (53) to thiophenol. The product, which smells 
of sulphide gave a single distinct spot on tic hut could not 
be crystallised and did not have sufficient solubility in CHCl, 
to allow measurement of its nmr spectrum. It gave a positive 
test for sulphur and is,therefore^formulated as (60). When 
kept in DMSO/ACgO at room temperature it was converted to '(53a)the 
acetate of (53)• 
DMSO/ACoO 
(60) ? ^ 
OAC 
(53a) 
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(5k)t the other compound from the reaction of 
U.-hydroxycoumarin with salicylaldehyde, has a free hydroxyl 
and was expected to behave like 3-allyl or 3--phenyl-it..-hydroxy-
coumarin in its reaction with DMSO/ACpO, But here too the freshly 
prepared reagent proved to he very destructive and even at room 
temperature gave rise to a number of products. Only the simple 
acetate (61), which could not incidentally be obtained through 
routine acetylation of (5k) with pyridine-acetic anhydride 
separated out from the solution and v/as purified by further 
crystallisation. The residual gummy material contained several 
products including the acetate (61) but repeated efforts at 
resolution did not succeed. It is possible that the expected 
(62) is formed as tic shows presence of a ferric positive 
compound and the gummy substance smells of sulphide. 
'} 
sue 
(61) (62) 
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The reaction of (5U) with pre-heated DMSO/Ac^O took 
a more interesting course and afforded three compoiinds of which 
one, dieoumarol, crystallised out partially from the reaction 
medium. The other two, alongwith more of dieoumarol, were 
obtained on passing the reaction mixture through a silica gel 
column. Formation of dieoumarol in the reaction must involve 
dissolution of the ring system and this must occur in such a 
way as to give rise to two other products. One of these m.p. 
lil.8° contains, on the basis of its nmr spectrum (Pig. XXVIII), 
a CHp~S-Me group. It appeared therefore analogous to the methyl 
thiomethyl deoxybenzoin (32a) obtained from 3-phenyl-i4--hydroxy-
coumarin but structure (62) for it is untenable as the mass 
spectrum has M"*"* at 222 and the nmr shows signals of only four 
aromatic protons against the required 12. There are other 
discrepancies. Thus the carbonyl band in infrared spectrum 
(Fig. XXIX) is at I665 cm"'''and not at I63O cm*""* as in (32a) 
and, like the hydroxyl band at 3U00,is sharp. The major fragments 
formed on breakdown of the molecular ion appear at m/z 17^ and 
m/z 120 in the mass spectrum, the latter forming the base peak, 
such ions are characteristic of 3-alkyl-l4--hydroxycoumarins 
and can be accommodated only if the compound has structure (63), 
The ions having m/z 17U and 120 arise then through cleavage as 
shown.m/z 120 is^of course^a regular feature of the mass spectrum 
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of most 3-8ul3s t i tu ted U-hydroxycoumarins* 
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(63) 
^ ^ ^ 
OH 
^0 -HSCH, 
CHpSCH-7 
^0 
M 
\ 
0 
< : ^ T°T 
0 
m/z 17U 
m/z 120 
(63) is a product of the type obtained on DMSO/DCa or 
DMSO/ACpO oxidation of phenols but it could never be isolated 
in the reaction of i4.-hydroxycoumarin with this reagent. Even 
in the present case its amount in the reaction mixture is 
minimal but once removed from the reaction medium it is quite 
stable and can be crystallised without decomposition, Further 
if the reaction time is reduced it becomes the major product 
and in one run 165 ing« of it was obtained from 250 mg, starting 
material. 
,+ . The third product formed in this reaction has 
a"t 296. It too is not positive to ferric chloride an indication. 
34 
as in the case of (63) that the coumarin ring has not been 
cleaved. Its infrared spectrxun (Pig. XXX) though having 
prominent carhonyl absorption is devoid of a hydroxyl band. 
The nmr spectrum (Pig, XXXI) has singlets at JL|..85 and 8.17 
integrating for one and three protons respectively and an 
aromatic multiplet for eight protons. The singlet at 8.17 can 
be due to either S-CH, or -CO-CH^ methyl but since this compound 
also responds to the qualitative sulphur test and the molecular 
ion peak at 296 is followed by a strong one at 2I4.9 i.e. a loss 
of 4^-7 a.m.u. the singlet is more appropriately assigned to -SCH^ 
group. The 1-H singlet at k»S5 in the context of compounds of 
this series can only be assigned to a proton on an allylic carbon 
and its enhanced deshielding means that the concerned carbon atom 
also carries the -SCH, group. The only possible structure for 
this compoTind is therefore (6i|.) . The ion arising through loss of 
SMe from M"*"' should have structure (65) and its abundance is 
consistent with the stability associated with aromatic cations. 
^-^^^P 
(6U) (65) 
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Inspi te of the i r s t ruc tu ra l novel ty , mechanist ical ly 
formation of dicoumarol, (63) and (Sk) i s in confirmity with 
the r e a c t i v i t y displayed by 3 -a l ly l and 3-phenyl-i4--hydroxy-
coumarin towards DMSO/ACpO, at elevated tenrperatures. The 
intermediate product of the react ion here also i s the sulphide 
(66) but t h i s instead of suffering hydrolyt ic cleavage of the 
lactone ring and subsequent carbon dioxide loss undergoes 
f i s s ion of the bond joining the i4^-hydroxycouinarin moiety to 
the r e s t of the molecule. 
(5U) 
DMS0/AC_0 
(6U) Mr MeSH 
i 
(66) 
CHpSCH^ 
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The resulting compoxinds being unstable react further, 
X affording the anthocyanidin pseudo base type of compound 
(6I4.) and (Y=63) through loss of MeSH, probably through the 
cyclic transition state (67) shown, followed by Michael addition 
to a dicoumarol derivative. ^ S^ost of the sulphide (Y) is consumed 
in the formation of dicoumarol according to the scheme (Xllla) 
given below and only traces of it are therefore found at the 
end of the reaction. 
SCH. 
CHg-S-Me 
Scheme XIII 
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EXPERIMENTAL 
The melting points were taken on Kofler block and 
are uncorrected. Infrared spectra were generally recorded on a 
Perkin Elmer 621 spectrometer. Ultraviolet spectra in 95% methanol 
solutions were measured on a Beckmann DK~2 spectrometer. The 
solvent used for nmr spectra is indicated. The spectra were 
recorded on different instruments and the field strength is 
indicated. TMS was employed as internal reference. Analyses were 
carried out by the Microanalytical services, A.M.u.,Aligarh. All 
solvents and chemicals used were of AR grade.DMSO was carefully 
dried according to standard procedure. DMSO/acetic anhydride 
mixture was taken in the ratio of 2:1 (v/v) throughout. 
1. Reactions of JL|.-hydroxycoumarin with DMSO/AC^O 
(i) With pre-heated DMSO/ACpO at water bath temperature 
Dimethyl sulphoxide (16 ml) and acetic anhydride (8 ml) 
were heated together on a boiling vmter bath for 2 hours^ 
U-hydroxycoumarin (10 g) was then added and the reaction continued 
at this temperature for a week. The solid m.p. 260 - 70°C (6 g) 
which separated out gradually during this period was collected 
and v/ashed with benzene. It was identified as dicoumarol by 
direct comparison with an authentic sample. 
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( i i ) With f r e s h l y prepared DMSO/Ac-0 mixture a t h igh tempera ture 
A mixture of DMSO/ACgO (30 ml) and U-hydroxycoumarln 
(10 g) was hea ted qtulckly t o 160°C. The h e a t i n g was stopped 
a f t e r 2 h r s . Work up of t h e r e a c t i o n mixture hy a d d i t i o n of 
water and e x t r a c t i o n with e t h e r gave 2,3~'iihydro»2--(2'"hydroxy~ 
'benzoyl)"i:j.H»-furol 3»2~c J M J ben2opyran«-i4.-one (5) a s e t h e r i n s o l u h l e 
c r y s t a l s * Chromatography of the r e s i d u e ob ta ined on evapora t ion 
of e t h e r suppl ied some more of (5)> combined y i e l d 2 g and 1+.5 g 
2,3-dlhydro~2»-(2''hydroxybenzoyl)'-'2-hydroxymethyl"lvH>"furo I 3,2-.c J 
I 1 benzopyran-U-one ( 1 6 ) . The l a t t e r c r y s t a l l i s e d s lowly from 
benzene - l i g h t petroleum (l+.O g ) , m . p , 153 - 3k C. 
Pound: C, 6 7 . 7 3 ; H, i4-.33^. ^^O^AIJ^^ r e q u i r e s C, 67.i+5; 
H, h.Mfo. 
Spec t r a l d a t a 
Xmax. (MeOH) 263 , 290, 310 n m . ( l o g 6 ii.OO, 3 . 9 1 , 3 . 9 6 ) . 
Vmax. (mull) 3^ 4-00 (b road ) , 1720, 1650, I63O and 1155 cm"''. 
r (CDCl , 90 MHz) 5.80 (2Hq, -.O-C-CH2-, J=12Hz), 6.i+ (2H(i, -CHg-OH, 
J= i 6 H z ) . m/z 338 (M+',32%), 320 , 3O8, 290, 187, 11^7, 1i^6, 13U 
and 121 . 
This compound i s r e a d i l y so lub le i n a l c o h o l and ace tone 
though only spa r ing ly in o the r s o l v e n t s . I t develops a brown-purple 
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colour with ethanolic iron (ill) chloride. It is insoluble in 
aqueous sodium carbonate saturated with carbon dioxide, but will 
dissolve in the usual bench reagent (pH ca. 10) or in dilute 
sodium hydroxide to give a pale yellow solution. At pH 10 in 
very dilute agueous sodium hydrogen carbonate the compo\ind 
gives a positive Gibb's test with 2,6-dichloro(iuinone chlorimide, 
being greenish blue at first and grad\ially becoming navy blue. 
2. Reaction of dicoumarol with DMSO/AC^O 
(i) At room temperature 
Dicoumarol (500 mg) was suspended in 30 ml DMSO/ACpO 
mixture and was allowed to stand at room temperature for 2 days 
with occasional shaking. During this period the whole of 
dicoumarol went in to solution. The reaction mixture was poured 
in to 100 ml cold water, precipitate filtered, dried and 
crystallised from methanol - benzene and crystals freed of 
yellowish contamination by washing with chloroform, white needles 
(150 mg) m.p. 216°C. Mixture m.p. with (5) prepared earlier gave 
no depression and identity further confirmed by ir comparison. 
The chloroform washing combined with benzene - methanol 
mother liquor and concentrated. Addition of a little light 
petroleum gave yellow precipitate which on crystallisation from 
benzene-light petroleum gave 5 mg of 2-(2<~hydroxybenzoyl)-UH-furo 
{_3,2'"C J[_1J benzopyran~Z^-one (31) as yellow needles, m.p. l83-8i4-°C. 
102 
( i i ) At water "bath tempera ture 
Dicoumarol (500 mg) was d i s s o l v e d in the r e q u i r e d 
amount of DMSO/ACpO mixture and t h e s o l u t i o n kept on h o i l i n g 
water ba th f o r 2k h o u r s . Addi t ion of water and e x t r a c t i o n wi th 
e t h e r af forded an o i l from which 350 mg of (5) g r a d u a l l y 
separa ted out on a d d i t i o n of l i g h t pe t ro l eum. Chromatography of 
t h e mother l i q u o r on s i l i c a ge l y i e l d e d 25 mg ( 1 6 ) . 
3 . Reac t ions of 2,3~dihydr0"2~(2-hydroxy"benzoyl)--2>«hydroxymethyl-
l4-H~furo [3 * 2-(^ &]b enzopyran~U~one (16) 
( i ) P y r o l y s i s 
20 mg (16) was refluxed in naphthalene for 5 hours. 
The reaction mixture after dilution with benzene was passed 
through a short column of silica gel to remove naphthalene. The 
product 12 mg was crystallised from chloroform - light petroleum, 
identified as (5) hy direct comparison. 
(ii) Methylation 
2.5 g (16) was refluxed in dry acetone with 5 inl 
methyl iodide over freshly roasted 2.0 g potassium carbonate 
for 72 hours. The gummy residue obtained after work up was 
chromatographed over silica gel. Only one pure product could be 
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isolated which on crystallisation from "benzene - light petroleum 
gave 500 mg 2,3~dih.ydro-2~hydroxymeth.yl~2~(2--methoxyl3enzoyl)-ij.H-
furo 13,2-0 Ifl 1 "benzopyran-it.-one (l6a) m.p, 169 - 72°C. 
Pound: C, 68.09; H, U.80% CgQH ^0^ requires C, 68.18; 
H, U.5^%. 
Spectral data 
Xmax. (MeOH) 290, 310 nm. ( log g. U.OI) . Vmax. (mull) 
3U80 (broad) 1715 (h road ) , 161+0 and I605 cm"''. T(CDC1, , 90 MHz) 
5.88 (2H(i, -O-C-CH^-, J= 13Hz), 6.6O (2Hq, -CHg-OH, J= 17 Hz) , 
6.50 (3Hs, -OCH^). m/z 352 (M"^', 8%), 322, 187, I 8 6 , I36 and 135 . 
( i i i ) A c e t y l a t i o n 
250 mg (16) was r e f luxed in 5 ml a c e t i c anhydr ide 
a longwith 10 mg sodium a c e t a t e f o r 2 h o u r s , coo led , poured in to 
cold wa t e r , e x t r a c t e d with e t h e r , washed and so lven t removed. 
The gummy r e s i d u e was p u r i f i e d "by chromatography over s i l i c a g e l . 
200 mg pure compotmd was o"btained "but i t could not "be c r y s t a l l i s e d . 
I t was i d e n t i f i e d as 2 ,3-d ihydro-2-ace toxymethyl~2~(2~acetoxy 
"benzoyl)-ljJI'-furo 13,2-cjriJ"benzopyran-U-one (l6"b). 
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S p e c t r a l da t a 
Xmax. 275, 288, 312 and 325 nm. Vmax. 1720 - 1760 
( 
?. 
-C 
n/z U22 (M"^ * m i s s i n g ) , 380, 320, 289, 259, 199, 1U6,and 1 2 1 , 
( i v ) Base h y d r o l y s i s 
( b r o a d ) , 1660, l6i|.0 and 1620 cm"''. f (CDCl,, 60 MHz) 3»k (2Hq, 
I 9 
-O-C-CHg-), 6.6U (2Hq, -CH2—OAc), 7.86 and 8.0 (2 X -0-C-CH,) 
750 mg (16) was r e f luxed in 5 HI1 methanol ic po tass ium 
hydroxide (O.IN) fo r i hour , coo led , d i l u t e d wi th w a t e r , and 
a c i d i f i e d . The p r e c i p i t a t e f i l t e r e d , washed and d r i e d . C r y s t a l l i ~ 
s a t i o n from chloroform - l i g h t pe t ro leum gave ^-hydroxy-3-methylene 
- (2,3--dihydro~2-hydroxymethyl--3-oxobenzofuran-2-yl)[_ 1J henzopyran-
2-one ( 1 7 ) . Yield 500 mg, m.p. 210 - 12°C. 
Found: C, 6 7 . 3 8 ; H, U.17. C^gH . 0^ r e q u i r e s C, 67.i+5; 
H, U.1i4.%. 
S p e c t r a l da t a 
Xmax. (MeOH) 250, 310 nm. ( log E.i4..07, U . IU) . Vmax. (mull) 
3360, 1685 (broad) and I605 cm""''. T(TPA-d^ , 90 MHz) 5.U2 (2Hq, 
-CHg-, J=1U Hz) , 6.88 (2Hs, -GHg-OH). xa/z 338 ( M " ^ ' ) , 320, 3O8, 
307, 187, 175, 16i<., 162, 114-7, IU6 and 13U. 
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h* Reaction of 5-phenyl-i4---hyAroxycouBiarln with DMso/ACpO 
2,0 g 3-phenyl-i4.-hydroxycouinarln was heated at 150 + 5° 
with 15 ml DMSO/AC-O for 8 hours . The react ion mixture was 
cooled, poured in to water and extracted with e t h e r . The o i l 
obtained af te r work up of the ether ex t rac t was t r ea t ed with 
methanolic potassium hydroxide (0,1 N, 10 ml) for 10 minutes on 
a water hath to hydrolyse the a c e t a t e . After d i l u t i o n with water 
the solution was ac id i f ied and extracted with e the r . Chromatography 
of the o i l obtained on evaporation of e ther afforded an o i l ( l ,3g) 
a 
andjy^crystalline material (50 mg) as pure components. 
2 *--hydroxyphenyl-1 ~phenyl-2-thiomethoxyethyl ketone (32a) 
oily compound from the above reaction gave a positive response 
with alcoholic ferric chloride and qualitative test for sulphur. 
Pound: C, 70.95; H, 6.5^. C^gH^^O^S requires C, 70.58; 
H, 5.88%. 
Spectral data 
Vmax, (Neat) l 6 l O , 1590, 1585, 1U70 and 1030 cm""'', 
f ( G C l ^ , 90 MHz) 5.20 (lHm, 0=G-CH-), 6 .93 (2Hm, -CHg-SMe),8.0 
(3Hs, -S-CH^). 
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6<"0xo-[2Jbenzop.vrano [u.3-cjriJbenzoT3.vran (38) the sol id 
product from the above react ion was fur ther pur i f ied by 
c r y s t a l l i s a t i o n from benzene - l i g h t petroleum, m.p. 157-59°C. 
Found: C, 76.97; H, k.5% C^gH^QO requires C, 76.8; 
H, U.O^ S. 
Spectral data 
)) wax, (mull) 1690, 1600, 15^ 4-0, MA50 cm'''. 
V(CDC1^, 60 MHz) 6.65 (2H8, -O-CHg-) . V z 250 (M"^'), 2U9, 2i+8, 
222, 19U, 165, ^ 2k and 102. 
5. Conversion of (32a) to isoflavanone (53) 
(i) 1 gm (32a) was treated with 10 ml methyl iodide for one 
week in refrigerator during which period the methoiodide slowly 
crystallised out.(yield 800 mg, m.p, 135°C). The methoiodide 
(500 mg) was refluxed in acetone (20 ml)over potassium carbonate 
(250 mg) for 12 hours. Work up of the acetone solution gave a 
mixture of (32a) and (35) which was resolved by column 
chromatography to give 300 mg (32a) and 100 mg (35). 
(ii) 500 mg (32a) was heated at 180° with DMSO for 2 hours. 
Work up after dilution with water and extraction with ether 
supplied, 250 mg (35), m.p. 75° (lit. m.p. 76°C). 
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Spectral data 
Vmax. (imill) 1685 cm"''. T(CC1, , 60 MHz) 5.U0 (2Hd, 
Ph-O-CHg-; J=7 Hz), 6.18 ( iHt, 0=C-CH-, J=7 Hz). 
6. Synthesis of 3--allyl-'i4.-h.ydroxycoumarin 
k- Hydroxycoumarin was converted in near quan t i t a t ive 
y ie lds to l+~allyloxycoumarin through in te rac t ion of the parent 
compound with a l l y l "bromide in presence of anhydrous potassium 
carbonate. 
Ll.-allyroxycoumarin (500 mg)in dry DMS0(10 ml)was 
maintained a t 11+0-50*^ 0 for 1+ hours "under nitrogen atmosphere. 
The reac t ion mixture was cooled, poured in to water (50 ml) and 
allowed to stand for half an hour. Extracted with e the r , washed 
several times with water and d r i e d . Evaporation of the solvent 
afforded a sol id mass which on c r y s t a l l i s a t i o n from "benzene -
l i gh t petroleum gave i+OO mg of 3-allyl-l4-~hydroxycoumarin. 
m.p. 132°C. ( l i t . m.p. 131-32°G). 
The cycl ic ether (19) was not formed at a l l a t t h i s 
temperature and unreacted s t a r t i n g material was recovered. 
However, if the temperature exceeds 130°C, the formation of cycl ic 
ether (19) "begins and at about 180 i t i s the major product of 
the r eac t ion . 
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7» React ion of 3--allyl-l4.-hydroxycoumarin with DMSO/Ac»0 
3-Allyl-i | - l iydroxycouinarin ( ig ) was hea ted (under 
Ng atmosphere) with DMSO/ACgO (12 ml) a t 1i+0-50° fo r 5 h o u r s . 
The r e a c t i o n mixture was cooled and worked up as b e f o r e . The 
produc t obta ined a f t e r h y d r o l y s i s wi th methanolic potass ium 
hydroxide (0.1N) was chromatographed over s i l i c a g e l . E l u t i o n 
with benzene - l i g h t pe t ro leum (k:^t v /v ) y i e lded 2l|.0 mg of 
2-hydroxyphenyl--1~allyl-2~thiomethoxy e t h y l ketone (32b) a s 
an o i l . ( F e r r i c c h l o r i d e p o s i t i v e and sulphur containing.) 
Fo\ind: C, 66.U9; H, 6.85%. ^^3^16^2^ r e q u i r e s 
C, 66 .10 ; H, 6.77%. 
STjectral da ta 
'i)max. (Neat) 2915, 2850, 163O and 161O cm"'' . 
^ (CDCl^ , 90 MHz) 14-.28 (lHm, - CHrrCHg), 6.25 (iHm, 0=C-CH-,J=6.5Hz) 
7 . 2 (2Hm, -CHg-S-Me), 7 .50 (2Hm, -CHg-CHrrCHg), 7 .90 (3Hs, -SCH^) . 
E l u t i o n with benzene - e t h y l a c e t a t e (Uti) a f forded 
a gummy mass which on c r y s t a l l i s a t i o n from benzene - l i g h t 
pe t ro leum gave 2--methyl,2-3 dihydro-i4.H--furo [3,2-clbenzopyran-J4---one 
( 1 9 ) . Yield 3U5 mg, m.p. 98°C ( l i t . m.p. 100°C) . 
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8. Met ho Iodide of i32"b') 
200 mg (321)) was kept with 5 ml methyl iodide in 
refrigerator for 2 days. The methoiodide (314.) was filtered and 
washed with "benzene. Yield 200 mg, m.p. 102°. 
Pound: C, Uiu25; H, 5.20%. -C^ i^ H^ QOgSI requires 
C, kk,2&; H, 5.02%. 
9. Conversion of (3I4.) to 3'-allyl chroman-i4---one (36) 
150 mg {3k) was reflxixed in acetone (10 ml) over 
300 mg potassium carbonate for k hours. The oil, obtained after 
work up of the reaction mixture was purified by passing through 
a column of silica gel, was identified as (36) yield 85 mg. 
Found: C, 76.60; H, 6.14.0% S2^12^2 ^ ^^ '^ i^ s^ 
^, 76.59; ^ , S.38, 
Spectral data 
V max. (mull) 1685 cm"''. T(CDC1,, 60 MHz) 5.70 (2Hm, 
Ph-O-CHg-), 7.20 (1Hm, 0=C-CH-). 
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10, Reaction of phenols with pre-heated DMSO/Ac^ O 
( i ) with phenol 
The react ion of phenol with pre-heated reagent gave a 
number of products "both a t water hath and room temperature, 
which could not be resolved through chromatography. 
( i i ) With resorc lno l , phloroglucinol and o^-naphthol 
When t rea ted with pre-heated DMSO/ACgO, at water bath 
temperature for several days, r e so rc ino l , phloroglucinol and 
o^-naphthol gave a j e l l y l i k e substance. On washing with benzene 
followed by drying at room temperature a l l three products turned 
in to hard dark brown c r y s t a l s . Which did not melt t i l l 300 C 
and were found to be insoluble in a l l organic so lven ts . 
( i l l ) Wlth^^-naphthol 
1 gram ^-naphthol was heated on water bath with 10 ml 
pre-heated DMSO/ACgO for 5 days. Worked up as u sua l . Pur i f ica t ion 
gave 
through chromatography, and c r y s t a l l i s a t i o n from methanol/850 mg 
(kO) as ?/hite prisms ra.p. 190°G. 
Pound: C, 83.90; H, 5.U9%. Og^H^gO^ requires 
C, Sl+.O; H, 5.33%. 
Ill 
Spectral data 
^ m a x . (mull) I62O and 1590 cm"' ' . T(CDC1^, 100 MHz), 
5.21 (2Hs, -CHg-)- m/z 300 (M"*"*), 2 8 1 , 253 , 239, 158, 157 and lUi+ 
100 mg (i4-0) was kept overn ight with p y r i d i n e / a c e t i c 
anhydride (5 ml, 1:1 v / v ) . ^Work up and c r y s t a l l i s a t i o n of t h e 
white s o l i d from benzene - pe t ro leum e t h e r gave the cor responding 
d i a c e t a t e (86 mg). m.p. 208°G. 
Foxmd: G, 78 .20 ; H, 5.35%. C25H2QOJI^ r e q u i r e s 
C, 78 .12 ; H, 5.20% 
S p e c t r a l data 
>) max. (mull) l7i+0, 1590, 1570 cm ' ' ' . X(CDC1^, 90 MHz) 
5.31 (2Hs, -CHg-) , 8.3^4. ( 6 H S , 2 X -C-CH^). m/z 38k (M"*"*) 366, 
3^2, 322, 300 and 2 8 1 . ° 
(i"^) With Ij.-'hydroxy 6--methyl- oC-pyrone 
2 ,0 gram l+-hydroxy-6-methyl o«r-pyrone was added to 15 ml 
p r e -hea t ed DMSO/ACgO and the r e a c t i o n mixture hea ted on a 
h o i l i n g water t>ath fo r 21+ h o u r s , l e f t ove rn igh t a t room tempera-
t u r e and the c r y s t a l l i n e m a t e r i a l (1 .6 g) t h a t s e p a r a t e s was 
f i l t e r e d , washed wi th benzene and c h a r a c t e r i s e d a s 3-3 'methylene 
b i s l4.-hydroxy 6-methyl o^-pyrone (Ul) m.p . 2U5~50°, Mixture m.p. 
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with (k^ ) p repared through formaldehyde method gave no d e p r e s s i o n 
and i d e n t i t y f u r t h e r confirmed hy i r comparison. 
•^"1 • P r e p a r a t i o n of Phenyl methylene-"bi3~i!4---hydroxycoumarin ik2) 
1 .0 gram it.-hydroxycoumarin and 1 .25 ml benzaldehyde 
were taken in 50 ml a l coho l and r e f luxed f o r 2 h o u r s . Removal 
of t he so lven t af forded phenyl methylene-his-U-hydroxycoumarin 
(k2) as whi te p r i s m s , m.p. 208 C. The compo-und was s u f f i c i e n t l y 
pure fo r f u r t h e r r e a c t i o n s and was used as such. 
S p e c t r a l da t a 
Vmax. (KBr) 167O, 16IO, I56O and 136O cm""."^  T(TPA,60MHz) 
3.9 ( IHs, -CH-Ph). m/z i|.12 (M"^*), 250, 2i4.9, 221 , 162, 121 and 120. 
12 . Reac t ions of phenyl methylene-bis~I|--hydroxycoumarin wi th 
DMSO/Ac^O 
(i) At room temperature 
200 mg of phenyl methylene-his-U-hydroxycoumarin was 
dissolved in 9.0 ml DMsO/Ac_0 and kept at room temperature for 
3 days. 
Tlie reaction mixture was poured in to water and the 
precipitate filtered washed and dried. Crystallisation from 
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"benzene gave 110 mg of (1+3). m.p, 262-65°C. 
The compound gave negative test with alcoholic ferric 
chloride solution and did not contain sulphur. 
Pound: C,72.9i|-; H, 3.56?S. Cg^H^^Og requires 
C, 73.17; H, 3.1+1%. 
Spectral data 
^ max. (KBr.) 1790, 1720, 1660 and l600 cm"'' . 
T(CDC1^, 90 MHz) 5.27 ( iHs , Ph-CH-). in/z MO (M"^*) 333, 263, 
262, 2U9, 205, 120 and 1 2 1 . 
Base h y d r o l y s i s of (k3) 
250 mg (I4.3) was taken in methanolic potass ium hydroxide 
(0.1N, 5 m l ) , r e f luxed for 5 minu tes , d i l u t e d with water and the 
e , 
c l e a r a g t ^ u s s o l u t i o n ( t u r b i d i t y i n d i c a t e s t h e p re sence of 
unhydrolysed m a t e r i a l ) a c i d i f i e d and t h e p r e c i p i t a t e f i l t e r e d . 
C r y s t a l l i s a t i o n from e t h y l a c e t a t e - l i g h t pe t ro leum gave 
l4--~hydroxy--3-rphenylmethylene-henzofuran~3- (2H)-one-2yl 1 [ 1 1 
l3enzopyran-<2~one (1+7) a s whi te n e e d l e s (170 mg), m.p . 2I}.0-1+6°C. 
Found: C,71+.63; H, l+.53% C^^H^^O^ req.uires 
C, 7 5 . 0 ; H, k.AGfo, 
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Spectral data 
^max, (KBr.) 3^ 4-00, 1760, 1680, I6I4.O and 1l|-20 cm"''. 
T(DMSO-d^, 90 MHz) i^.7 (lHd, -0-GH-, J= 5Hz), 5 .31, (lHd,-CH-Ph, 
J= 5Hz). m/z 381+ (M'^'-missing) 3O8, 263, 250, 2U9, 133, 13U, 
121 and 120. 
( i i ) At water bath temperature 
2.24. grams phenyl methylene-bis-U-hydroxycoumarin in 
21 ml DMSO/ACpO was kept on a bo i l ing water ba th . Yellow 
c r y s t a l l i n e material s t a r t s separating a f t e r 30 minutes. After 
heating for about 6 hours the so l id ( label led as B-kt y ie ld , 
300 mg) was f i l t e r e d and washed with benzene. I t did not melt 
t i l l 300°C and was found to be p r a c t i c a l l y insoluble in a l l 
organic solvents . 
The f i l t r a t e was poured in to water, p r e c i p i t a t e 
f i l t e r e d , washed and d r ied . Crys ta l l i s a t ion from benzene gave 
579 mg of 2,3~dihydro~2"'(2--hydroxybenzoyl) -3-(phenylVI^H-furo 
[3t2'-CJ[lJbenzopyran~It.-one {k5) as white pr isms, m.p. 199-212°C. 
The compoxxnd was found to give a weak v i o l e t colour 
with alcoholic f e r r i c chloride solut ion and a pos i t ive t e s t 
with Pehl ing 's so lu t ion . 
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Potrnd: C,7U.22; H, kM2%, ^g^H^gO^ r e q u i r e s 
C, 75 .0^j H, k»i&%» 
S p e c t r a l da t a 
V max. (CHCl^), 1710-30 ( b r o a d ) , I66O, and 16IO cm la TO'iu ir*" 
f (TPA-d, 60 MHz), 3.6- (lHd, -CH-0- , J= 5Hz) ,* 5 .1_( lHd, Ph-CH-, 
J= 5Hz). V z 3814. (M"^*), 26I4., 263 , 222, 121 and 120. 
CShromatography of t h e mother l i q u o r gave f u r t h e r 
500 mg of (1+5) and 2.3-dihydro-2- 'hydroxymethyl-2-(oC-2-hydroxy- ' 
•benzoyl).^3 (<<-phenyl)-iqi-furo F 3 , 2 - c ] [ l J benzopyran-U-one. (50) 
( y i e l d : 3OO mg) and 2,3--dihydro--2-hydroxymethyl--2>^(^~ 2 -hydroxy-
benzoyl )'~3-( /3-phenyl)-l4J|-furo-l 3,2~CjriJbenzopyran-U'-one (52) 
S p e c t r a l da ta of (50)_ 
Vmax. (KBr.) 3300, 1720 (broad) and 162O cm"''. 
T(CDC1^, 100 MHz) I+.65 (1HS, Ph-CH-), 5.95 (2Hd, -CHg-OH, 
J= 11 .U Hz) , la/z MU (M"^"missing), 396, 38i|-, 279, 263 , 251 , 250, 
2I4.9, 222 and 221 . 
S p e c t r a l da ta of (52) 
^)max. (KBr.) 3300, 1720 and 1620 cm"' ' . T(CDC1 , 100 MHz) 
5.2 (1HS, Ph-CH-) 5.85 (2Hs, -CHg-OH). m/z 1^ 11). (M"*"*), 396, 381;, 
279, 263 , 2 5 1 , 250, 2i;9, 222 and 2 2 1 . 
116 
12. Reactions of (k5) 
(i) Acetylatlon 
100 mg (45) was dissolved in 5 ml pyridine/acetic 
anhydride (1:1, v/v) and the solution allowed to stand at room 
temperature for 2l|. hours. Poured over crushed ice, ppt. filtered, 
washed and dried. Crystallisation from "benzene - light petroleum 
afforded 60 mg (i|.5a) as white needles m.p. 187°C. 
Foxmd: C, 73.51; H, h,i6%. CggH^gOg requires 
C, 73.23; H, Ii-.22%. 
Spectral data 
^mx, (KBr.) 1760-1720 ( b r o a d ) , 166O, I610 , 1590 and 
1500 cm"' ' . T(CDC1^, 60 MHz) 3.75 (lHd, -0-CH-, J= 5Hz), 5.15 
(IHd, Ph-CH-, J= 5Hz), 3.75 (3Hd,-O-C-QH^). 
0 
( i i ) Methyla t ion 
Treatment of 15O rag (I4.5) with 5 ml methyl iod ide and 
1 .0 gram anhydrous potass ium ca rbona te i n b o i l i n g acetone fo r 
2 hours a f forded a f t e r work up gummy mass. C r y s t a l l i s a t i o n from 
benzene - l i g h t pet roleum gave 90 mg of a white c r y s t a l l i n e 
m a t e r i a l 2,3-dihydro-2-(2-»methoxy benzoyl)--3--phenyl~lj.H-furo 
[3t2--C ][l]benzopyran~I}."One (U5b). m.p . >280°C. 
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S p e c t r a l da ta 
V max. (KBr.) 1720, I66O, 16UO, 1605 and 136O cm'"'', 
f ( C D C l , , 60 MHz) 3 .63 (lHd, -0-CH-, J= 5Hz), 5.55 (lHd, Ph~CH-, 
J= 5Hz), 6 .75 ' (3Hs , 0-CH^). V z 398 (M"^*, m i s s i n g ) , 322, 321 , 
135 and 121 . 
Methylat ion of {k5) wi th diazomethane a l s o af forded 
(14.5b) almost in q u a n t i t a t i v e y i e l d s . 
( i i i ) Dehydrogenation 
168 mg (1+5) was re f luxed in 5 g naph tha l ene in 
p resence of 100 mg 10% pal lad ium cha rcoa l fo r 5 h o u r s . The 
s o l u t i o n was cooled , d i l u t e d wi th 10 ml benzene , f i l t e r e d and 
the f i l t r a t e passed through a shor t column of s i l i c a g e l t o 
remove n a p h t h a l e n e . The naph tha lene f r e e p roduc t was c r y s t a l l i s e d 
from benzene - l i g h t pe t ro leum t o g ive 2.-(2 ' -hydroxybenzoyl)-3-
phenyl-£|H-furo[ 3.2~cj[ 1 Jbenzopyran-U-one (i+6) a s yellow n e e d l e s , 
m.p. 235-l+0°C. 
Spectral data 
T(CDC1, , 60 MHz) 2 . 1 - 2 . 8 (8 Hm, Ar-H). V z 382 (M"^*). 
262, 2 6 1 , 120 and 1 2 1 . 
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(iv) Base hydrolysis 
500 mg (14-5) was taken in 10 ml O.IN methanolic 
potassium h7droxide and refltixed for 5 minutes. Diluted with 
water, acidified, ppt. filtered, washed and dried. Crystallisation 
from methanol gave U-50 mg (kl) as white prisms, m.p. 214.5-14.7°C. 
This product was found to "be identical with the one 
obtained through the "base hydrolysis of (I4.3). m.m.p did not 
c 
show depression and speftral data were identical. 
It gave negative tests with ferric chloride, Fehling's 
e 
solution and was soluble in aqv|pus hicarhonate solution, 
13. Conversion of (it-2) to (lt.6) 
500 mg phenyl methylene-his-lp-hydroxycoumarin (14-2) 
was refluxed with 500 mg iodine in 50 ml alcohol for 8 hours. 
The solvent was removed and the residue taken in ether, washed 
e 
with aqv^ ous sodium thiosulphate solution, dried and ether 
evaporated. Chromatography of the residue afforded 50 mg (kS), 
This product was foiind to he identical with the one obtained 
on dehydrogenation of (U5) (m.m.p. and ir comparison). 
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1^ . Methyla t ion of (hi) 
( i ) ^ i t h e t h e r e a l diazomethane 
200 mg (1+7) was suspended in 20 TDI methanol , t r e a t e d 
with excess of e t h e r e a l diazomethane and al lowed t o s tand a t 
^ 5 C t i l l i t d i s s o l v e d compe le t ly . Removal of so lven t and 
c r y s t a l l i s a t i o n from methanol a f forded 175 nig U--giethoxy_~5-
fphenyl methylene-benzofuran~3 (2H)>-one~2vll f 1 lhenzopyran-2~one 
(U7a) a s whi te n e e d l e s , m.p . 163-6I|.°C. 
Poxind: C, 7 5 . 5 1 ; H, i+.90 Cg^H^gO^ r e q u i r e s , C, 7 5 . 3 7 ; 
H, 1+.52 
S p e c t r a l da ta Y (CDCl^, 60 MHz), 6.2 (3Hs,0-CH ) . 
•»)max. (mull) 1730, 169O, 1700 and l6i+0 cm'"''.m/z 398 
(M"^*, m i s s i n g ) , 322, 289, 263, 152, 135 and 1 2 1 . 
( i i ) With methanol ic HGl 
60 mg (i+7) was d i s s o l v e d i n 5 ml methanol p r e v i o u s l y 
s a t u r a t e d with HCl gas and allowed to s t and a t room tempera ture 
fo r k d a y s . White c r y s t a l s began appear ing as soon as the f l a s k 
was opened and t h e con t en t s came i n con tac t with a tmospher ic 
mo i s tu re . F i l t e r e d , washed with methanol and d r i e d . Yield 50 mg, 
m.p, 163°C. 
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This compound was found t o be i d e n t i c a l wi th t h e one 
ob ta ined through i n t e r a c t i o n of (J4.7) with d lazomethane. (m.m.p ^ 
and s p e c t r a l comparison.) 
1 5 . P r e p a r a t i o n of 3 - (^ -hydroxybenzy l id ine ) 2,L^-dloxochroman (33) 
and 7-'(U-hydroxy-3-coumaranyl)-"ben2opyranol3»2-CIcoumarin (5k) 
(53) and i5k) were p repa red according to t h e p rocedures 
52 given i n l i t e r a t u r e , i n s a t i s f a c t o r y y i e l d s and t h e i r i d e n t i t y 
was confirmed through mel t ing p o i n t s and s p e c t r a l p r o p e r t i e s . 
16 , Reac t ions of (53) with p r e - h e a t e d DMSO/Ac^O 
500 mg (53) i n 10 ml p r e - h e a t e d DMSO/ACpO was mainta ined 
a t water ba th tempera ture f o r 7 d a y s . Usual work up and c r y s t a l l i -
s a t i o n from benzene - l i g h t pe t ro leum gave 300 rag (1+7) » m.p. lUO^C. 
P o s i t i v e t e s t f o r su lphu r . 
Pound: C, 65.UI ; H, i+.15%. C^yH^^O.S r e q u i r e s 
C, 6 5 . 1 7 ; H, i+.15^. 
S p e c t r a l da ta 
^)max. (KBr.) 3U00, 1720, 16^0 and 1620 cm"'' . 
r (CDCl , 90 MHz) 1+.98 ( lHs , -CH-SCH,), 8.28 (3Hs, -S-CH,) . 
m/z 3IU (M"^*, m i s s i n g ) , 25O, 2 W , 222, 2 2 1 , 165 and I 6 3 . 
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16. Reaction of (53) with thiophenol 
To a solut ion of 380 mg (53) in 10 ml acetone over 
300 mg anhydrous potassium carbonate was added 167 mg thiophenol . 
The colour of the solut ion changed from purple to l i gh t yellow. 
Removal of acetone a f t e r f i l t r a t i o n l e f t a l i gh t yellow o i l 
which was washed several times with l igh t petroleum to remove 
thiophenol . The residue (60) v;as insoluble in methonal - chloroform 
I t was taken as such for the next reac t ion . 
17. Reaction of (60) with DMSO/ACpO 
250 mg (60) in 10 ml DMSO/ACgO was kept at room 
temperature for 2k hours . The usual work up followed "by 
c r y s t a l l i s a t i o n of the product gave white c r y s t a l s of (53a). 
Yield 100 mg, m.p. 110°C. 
The iden t i t y of t h i s product was confirmed hy d i rec t 
comparison with the ace ta te of (53) prepared through usual 
py r id ine /ace t i c anhydride method. 
18 . Reaction of 7-(U-hydroxy~3-coumaranyl)-henzopyrano[3,2-01 
coumarin (5U) with pre-heated DMSO/Ac^ O 
gram {5k) in 10 ml pre-heated DMSO/AC2O was 
a t o i l i n g water bath for four days. A sol id (I 
1.0 
maintained on b i 19O mg) 
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s e p a r a t e s out from the r e a c t i o n mixture which was f i l t e r e d , 
washed wi th benzene and i d e n t i f i e d a s dicouniarol ,m.p. 277-79°C, 
(m.m.p. and i r comparison) 
The mother l i q u o r was combined with washings and worked 
up as u s u a l . The produc t was chromatographed over s i l i c a g e l . 
E l u t i o n with benzene af forded a s o l i d which was c r y s t a l l i s e d 
from benzene - l i g h t pe t ro leum, m.p. 126°C, y i e l d 500 mg and was 
c h a r a c t e r i s e d as (6i^). 
Found: C, 67 .90 ; H, k,2%. O^-^E^^^^^ r e q u i r e s 
C, 6 8 . 9 1 ; H, k*05%. 
Spec t r a l da t a 
Vmax. (KBr.) 1720, 16U0, 114-90 and ll+OO cm"''. 
T(CDCl2, 60 MHz) U.85 ( iHs , -CH-SCH^), 8.17 (3Hs, -S -CH, ) . 
m/z 296 (M"^*), 2 8 1 , 280, 250, 2U9, 2 2 1 , I 6 5 , I6U and I 6 3 . 
E lu t ion wi th benzene - e t h y l a c e t a t e (i+:1 v / v ) gave 
ano the r s o l i d produc t which was c r y s t a l l i s e d from methanol as 
whi te f e a t h e r y n e e d l e s (Yield 50 mg, m.p . 1U8°C.) and i d e n t i f i e d 
as 3-methyl thiomethyl-U-hydroxycoumarin ( 6 3 ) . 
Found: C, 5 9 . 8 3 ; H, 5.11+^. C^^H^QO^S r e q u i r e s 
C, 59.I4.5; H, U.50%. 
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Spectral data 
)^^ lax. (KBr.) 3^ 4-00, 1665, 1625, I50O and lUOO cm~''. 
T(TPA, 60 MHz) 5.95 (2Hs, -CHg-S-) , 7.72 (3Hs, ~S-CH^) . 
m/z 222 (M"^'), 220, 205, 175, Mk, 121 and 120. 
19. Reaction of (5k) with freshly prepared DMSO/Ac^O at room 
temperature 
200 mg (5U) in 10 ml DMSO/ACgO was left at room 
temperature for a week. 100 mg solid that separates out from 
the solution was filtered, crystallised from "benzene - light 
petroleum and identified as simple acetate of {5k)» (61). 
m.p, 214.7 C. 
Found: C, 72.16; H, l+.06^ . ^21^^6^1 ®^Q.^ ires 
C, 71 .68; H, 3.53?S. 
Spec t r a l da ta 
•^max. (mull) 1770 (weak), 1725 (b road) , 1625 and I605. 
r ( C D C l ^ , 90 MHz) U.27 ( iHs , -CH-) , 7.i+5 (3Hs, ~0-C-CH ) . 
m/z U52 (M"^*), U10, 289, 263, 262, 2U9, 1U6, I 3 I , IO5 and 7 7 . 
124: 
References 
1. Bruce D.West, Seymour Preis, Collin H.Schroeder and 
Karl Paul Link. 
J.Am.Chem.Soc, 8^, 2676 (1961). 
2 . F r a n c i s M.Dean, John Good-child and Andrew W.Hi l l , 
J .Chem.Soc. P e r k . T r a n s . I , 1022 (1973) . 
3 . I .Drago t a , D.Ionescu, Tarnauceanu, E u s t a n t a , V.Dobre, 
I . N i c u l e s c u - Duvaz, Rev.Roum.Chim. 21 ( l 1 - 2 l ) , 15U3-5^ 
(Eng) . (1967) 
U. D.R.Buckie, Harry Smith, and C.G.Barr ie C a n t e l l o , 
Chem. A b s t r . 82, 72788d (1975); 
Takagi , Kauaue; Hubert - Habar t , Michel. 
Eur.J.Med.Chem - Chim.Ther. 9 ( 6 ) , 681 - 3 (Pr) (197U); 
P e n e , C e c i l e , Hubert - Habar t , Michel; Royer, Renu. 
Eur.J .Med.Chim.Ther. 10 (k), 3kO - 2 (Pr) (1975) . 
5 . J . D . A l b r i g h t and L.Goldman, 
J.Am.Chem. S o c , 87 , U21I4- (1965) . 
6 . R.J.Wikholm and H.W.Moore, 
J.Am,Chem.Soc, JU, 6l52 (1972) and references cited therein. 
7 . Mohd. Khaliquzzaman Khan, 
Ph.D.Thesis (1982) A l iga rh Muslim U n i v e r s i t y , A l i g a r h , I n d i a . 
8 . K.Z.Khan, N.MinhaJ, ^ha l ida Tasneem, Asif Zaman, D.Shiengthong, 
P.M.Dean and Manju Verma, 
J .Chem.Soc. Perkv T rans . I , ( in p r e s s ) 1982. 
9 . N.Kornblum, W.J.Jones and G.J .Anderson, 
J.Am .Chem. S o c , 8 1 , i;113 ( l 9 5 9 ) . 
10 . J .G.Moffa t t in "oxidation' , ed .R .L . August in , D . J . T r e c k e r , 
Ed .Mar ie l , 
I n c . , 2, 1~6i4- (1971) and r e f e r e n c e s c i t e d t h e r e i n . 
1 1 . D . B e t h e l l , G.W.Kenner and P . J .Power s . 
J .Chem.Soc. Chem.Comm. 227 ( l 9 6 8 ) . 
1 2 . R.M.Ellam and J.M.Padbury, 
J . C h e m . S o c Chem. Comm. I09i4- (1971) . 
125 
1 3 . K.Omura and D.Swern, 
Te t rahedron , 165I (1978) and l i t e r a t u r e c i t e d t h e r e i n . 
^k^ V . J .T ra jme l i s and J.V.Mc Sweeney, 
J .Org.Chem., ^ , 2h3 (1966) . 
1 5 . E . J . Corey and Chaykovsky, 
J .Am.Chem.Soc, 8 2 , 1357 (1965) . 
1 6 . C.R.Johnson and W.G.Ph i l l i p s , 
J .Org.Chem., ^ 2 , 1926 (1967); K . T o r s e l l , Acta.Chem.Scand, 
2 1 , 1 (1967) . 
1 7 . K .E .P f i t zne r and J .G .Mof fa t t , 
J .Am.Chem.Soc, 8 2 , 5670 (1965); K .E .P f i t zne r and J .G .Mof fa t t , 
i h i d , 87, 5661 (1965); A.H.Fenselan and J . G . M o f f a t t , i b i d , 
88 , 1 7 ^ (1966) . 
1 8 . J .D .Alb r igh t and L.Goldman, 
J .Am.Chem.Soc, 8^ , 2U16 (1967) . 
1 9 . R.Pummerer, B e r . , h^l* "1^01 (1910) . 
20. K.Omura, A.K.Sharma and D.Swern, 
J .Org.Chem., Jj-i, 957 (1976) . 
2 1 . K.Yamada, K.Kato; H.Nagase and Y .Hi r a t a , 
Tetrahedron L e t t e r s , 65 (1976) . 
22 . Robert A. Hotton and Robert G.Devis, 
Tet rahedron -L-etters, 533 (1977); Y.Hayashi and R.Oda, 
J .Org.Chem., ^ , 1+57 (1967); A.P.Cook and J .G .Mof fa t t , 
J .Am.Chem.Soc, 90 , 71+0 (1968) . 
2 3 . Harold W.Moore and Ronald J.Wikholm, 
Tetrahedron Letters, 501+9 (1968) and references cited therein. 
21+. S.Oae, T.Kitao, S.Kawamura and Y.Kitaoka, 
Tetrahedron, ^ 9, 817 (1963). 
25. V.K.Ahluwalia, Devendra Kumar and Suman Mehta, 
Heterocycles, 1_2, 259 (1979). 
26, Hisao Nakata 
Bull,Chem,Soc. (Japan), 3^, l693 (i960). (Chem.Abs. ^  I2837i) 
12B 
27. P .Arndt , L.Loewe, R.Un and E.Ayca, 
Chem.Ber., SU, 319 (1951); J . C i e s l a k , S.Lewak and 
I.Chemielewska, 
Roez.Chem., 3 i , 3U9 (1959); J . E . S h u t t e , J . R e i s h and G . L . T i t t e l , 
Arch.Pharm. (Weinlieiiii), 299, 1+57 (1966) . 
28 . S i l v i o Checchi , Pecor i V e t t o r i , Lorenzo. 
Chim.Ind.Milan 51 ( 3 ) , 292 ( I t a l ) (1969) ; S i l v i o Checchi , 
Pecor i V e t t o r i , Lorenzo, P i n z a n t i , S e r g i o . 
Gazz .Ch im, ( l t a l ) 99 ( 5 ) , 501-13 ( I t a l ) (1969) . 
29 . Tomek, Bohumil, Indruch, Miros lav , 
Chem.Ahstr 8 1 , 152002n (I97i4-). 
30 . Darius Molho, 
Bul l .Soc .Chim.Prance , II4.17-28 ( l 9 6 l ) . 
3 1 . M.Tarkovnik, B.Bobarevic , M.Kehic ,N.Kar ta l i c , 
Z .Natur forsch , T e i l B. ,28 ( 5 - 6 ) , 373-1+ (1973) . 
3 2 . M.S. Spr ing , J . R . S t o k e r , 
Cand.J.Biochem,U6 ( 1 0 ) , 12U7-51 (1968 ) . 
3 3 . P i e r r e Waller and Denise Cagniant , 
Bul l .Soc.Chim. P rance . 2 , 1525-3U (l96i+). 
3I+. Yu.A. Zhdanov, G.V.Bogdanova and V.G.Zolo tukhina , 
Dokl.Akad. Nank. USSR 157 (U), 917-18 (l96i+). 
3 5 . Helga Wittmann, P .Or l i nge r and E . Z i e g l e r , 
Monatsh.Chem. S[6, 1200-5 (1965); ihid 96 (3), IO3O-5 (l965). 
36. Daniel Anker, Massicot Jacgues, 
Bull.Soc.Chim. Prance 6, 2181 (1969). 
37. N.Matzal, H.Wamhoff and P.Korte, 
Chem.Ber., 102, 3122 (1969). 
38. Silvio Checchi, Pecori Vettori, Lorenzo, G.Rerizi, 
Pramaco, Ed.Sci. 25 (1), 5U-6 (Ital) (1970), 
39. Jan Vrkoc, Prantisek Sorm. 
Chem.Abstr.8^, 77997t (l976). 
i+O, N.J.Cussans and T.N.Huckerby, 
Tetrahedron, Jl, 2719 (l975). 
127 
m . E.Bre i tmayer , C.Haas and W.Voelter , 
A t l a s of ''^C NMR Data, Heyden and Sons L t d . , London 1979. 
i42« K.Buggle, John .A.Donnelly and L.J .Maher , 
Chem. Indus t ry , 88 , (1973) . 
I4.3. G.A.Coplin, W.D.Ollis and I . O . S u t h e r l a n d , 
Chem.Comm. 575 ( l 9 6 7 ) . 
l^h^ H . I r i e , S.Uyeo and K.Yammoto, 
J . C h e m . S o c , Chem.Comm,, 51+7 (1967) . 
I1.5, S i l v i o Checchi , 
Gazz.Chimica I t a l i a n a , 90, 295-303 ( i 9 6 0 ) . 
1+6• H .Sea r l e s and H.R.Hays, 
J .Org.Chem.; 2 3 , 2028 (1958) . 
hi• B . S . K i r k i a c h a r i a n , 
J .Chem.Soc. Chem.Comm., 162 ( l975)« 
1+8. M.C.Manger, W.D.Ollis and I . O . S u t h e r l a n d . 
J.Chem.Soc.Chem.Comm., 577 ( 1 9 6 7 ) . 
1+9. Marian Ecks te in and Jozef Cwynar, 
Chem . A b s t r a c t s , ^ , 1i4.27a (1963) . 
5 0 . P.C.Arora and P .Bra s sa rd , 
Cand. J.Chem. 1+9, 3i^77 ( l 9 7 l ) . 
5 1 . T . J .Ba t t e rham, 
"NMR spec t r a of simple h e t e r o c y c l i s " (Jhon Wiley & Sons ) , 
PP 377 (1973) and r e f e r e n c e s c i t e d t h e r i n . 
5 2 . M.Covellon, E.Ahignente and A.Manna, 
Rend .Accad .Sc i ,P i s ,Mat . Naples ( I t a l y ) , J ^ , 257 ( l 9 7 1 ) . 
(Chem.AhSt. 28 8Ul93m) 
5 3 . H.Nakata, A.Tatematsu, H.Yoshizumi and S.Naga, 
J . C h e m . S o c , Pe rk . T rans . I , 1921+ (1972 ) . 
